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PWELVE COLOR CALICO PRINTING 
MACHINE. 

AgpruouGH considerable attention has been given to 
gransmission of power by electricity and _ its appli- 
to the driving of tram cars, and the utilization of 
power at a distance, the distribution of power 
dhis means iv workshops, factories, and similar 
has received comparatively little attention. 
ean be, however, no doubt that in this 
jon there is a wide field for the use of elec- 
motors. This is especially so in those works 
» for various reasons, the principal machines and 


are not driven from one common system of shaft- 


ing, but have each an independent engine. Such isthe 


| to show the applicability of electrical driving in these 
}cases and its advantages, Messrs. Mather & Platt, of 
| Salford Iron Works, Manchester, designed, fitted up, 
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ed one of their ten color calico printing machines, for 
ease in calico printing works, where each printing! printing calico with ten colors simultaneously. If 
machine is driven by its own engine; also in paper | electrical driving can be proved to be advantageous 
mills, in rolling mills, and in many ship build-| and economical for complex machines of this class, 
ing yards and other large engineering shops, where | where aglow speed under the most perfect control, and 

necessarily distributed over | at the same time high efficiency, are essential, there js 


the heavier tools are 
|a large area, and where it is important to have|no doubt about its applicability in other cases where 


the conditions are less exacting. 

A large printing machine,similar to the one exhibited, 
is now illustrated. This, however, is a twelve color 
machine ; but either this ora ten color machine would, 
under ordinary circumstances, be driven by a double 
cylinder diagonal engine, as shown in our engraving, 
This engine has 10 inch cylinders and a 12 inch stroke, 


complete control over each individual tool. In order 


}and are running a very interesting exhibit at the Man- 
|chester Exhibition. Asatypical case, and one in which 
| the conditions to be met are most stringent, they select- 
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and runs at about 140 revolutions per minute. The 
star wheel of the printing machine, when printing at INDUSTRY 
full speed, runs at twelve or thirteen revolutions only j 4 
it is, therefore, necessary to redtive the speed by gear-| Ttix present ition of the flax industry in Great 
ing. But wheréa dynamg motor is used in place of | Britain and Ireland is far from satisfactory. Not only 
the steam engine; the speed of the motor miust be much | is the quantity of home grown flax insignificant, as 
higher, in order to obtain good efficiency without un-| compared with the imports of foreign flax, but there 
duly increasing the size and costof the motor. The/| has, during the last few years, even been a tendency 
motor employed at the exhibition runs at 700revolu-| toward further reduction of the acreage under flax, 
tions. Hence the speed must be reduced in the ratio of | and siihultaneously a falling off in the quantity of 
56:1. This is accomplished by a combination of belt | flax, both home grown and foreign, which is treated 
and spur gearing. he dynamo shaft is fitted with a|in our mills. In plain language, the flax industry ap- 
pulley, 164g inches diameter, driving by means of a| pears to be leaving this country, and unless those 
short belt on to a pulley 54 inches diameter. In order | interested in it will take some steps to revive it and 
to increase the grip of the small driving pulley on the | keep it here, a serious national loss will be the result. 
belt, Messrs. Mather & Platt’s system of a loose jockey| A ee ane i permet 6 has been formed 
pulley is employed. to carry on the flax industry at Whittlesea on an ex- 
The jockey pulley runs loose on a stud, fixed on an | tensive scale by means of new machinery, and another 
arm projecting from the dynamo bed, and bears against | syndicate, the Flax Growers’ Association, with head- 
the deat side of the belt. By an arrangement of worm | quarters at 57 Charing Cross, London, is conducting 
and wheel, the arm can be raised or lowered, moving | similar experiments at | am Melford, in Suffolk, where 
the loose pulleys with it, and consequently increasing | from eighty to ninety acres of flax are now being har- 
or diminishing the angle at which the belt is bent over | vested. In this case the object is not so wuch to test 
it. By this means the surface of contact between the | what can be done by improved machinery as to give a 
belt and the driving pulley ean be increased, and the | practical demonstration of the possibility of develop- 
slack of the be!t taken up ; thus at the same time giving ling a profitable business on a small seale. 
considerably greater adhesion than can be obtained| The tendency of nearly all modern industrial move- 
witha long belt, and providing means for taking up| ments - - concentrate operations in a few large works, 
the slack as the belt stretehes. The speed is further | with which a small manufacturer cannot possibly com- 
diminished by a train of two internal spur wheels and | pete ; but Mr. Henly maintains that the callivadion of 
pinions. This combination, which we examined at the | flax and the preparation of the fiber ready for the 
exhibition, gives a most effective drive, perfectly noise- | spinner are industries which may be exempt from the 
less, occupying no more space than the gear for reduc- | general rule, inasmuch as they will prove profitable 
ing the speed of asteam engine, and under perfect |even if conducted on the small scale of a domestic 
“= rol, — ea ot Oe ether & lait! ange ta = ae , yr nye 
1e printing machine is of Messrs. Mather & Platt’s| to the country i 1¢ agricultural laborer cou n¢ 
latest design for printing cloth up to 34 inches wide, | employment during the winter time by preparing the 
with from one to ten colors simultaneously, at a speed | flax for the spinner. This would lessen agricultural 
of 80 yards per minute. The machine is fitted with | distress, while at the same time it would not do away 
traverse motion, driven by friction, for the doctors, a| with the advantages of using improved machinery in 
drag roller, and steam chest and cylinder drying. To|the subsequent processes of spinning and weaving. 
work it at full speed from 15 to 20 horse power is re- | This is, broadly stated, the object of the work under- 
quired. In order to set the pattern, it is essential that | taken by Mr. Henly and the other members. of the 
the speed of the machine should be so under control | Flax Growers’ Association. They do not propose to 
that it can be made to creep round, and can be stopped | supersede the work done in the large flax mills, but to 
in a fraction of a revolution, so as to enable the printer | introduce such improvements in the cultivation of the 
to see that the rollers, each printing one color, are | plant, and in the first stages of the preparation of the 
properly adjusted relatively to one another. Witha fiber, as will largely increase the quantity of home 
steam engine, this is effected by a stop valve on/| grown flax, and at the same time afford profitable 
the steam inlet, the valve spindle being fixed con- | employment toa large number of agricultural laborers 
veniently accessible to the printer. But a steam | and their families, many of whom, in the present state 
engine must have a flywheel, and the valve cannot|of affairs, are almost destitute Gatton’ Ge winter 
be instantaneously closed, so that the machine can-| months. In this manner the association hope not only 
not be stopped as quickly as might be desired.|to relieve the agricultural laborer, but also to put 
A dynamo motor, on the other hand, having no/| money into the pockets of the farmers, and retain the 
dead points, requires no flywheel, and the current | trade of flax spinning and weaving in this country. 
can be instantaneously shut off, and consequently the; To make our description complete, it will, however, 
machine brought to a stand more rapidly than is possi- | be necessary to briefly refer to the old methods at pre- 
ble with steam engine driving. The speed is regulated | sent in use in the initial stages of the preparation of 
by a switch board placed at one side of the machine, at | flax fiber. After the plant is cut by a reaper, or pre- 
the printer’s right hand, arranged to insert resistance | ferably pulled up with the roots, the seeds are stripped 
in the cireuit, and so lowering the speed of the motor | off and the straw undergoes a process of retting, the 
to any desired extent. The whole floor space occupied | object of which is to destroy by fermentation: the 
by the motor, driving gear, and resistance is somewhat guimmy substance which unites the fiber with the 
less — that which a steam eaaee would take—a point | wood. Various systems of retting are in use, the most 
of much importance in print works. orimitive being that known as “ dew retting,” under 
The current is conveyed to the motor from a generat- | Sich the straw is simply spread upon a mendent ina 
ing dynamo by an insulated copper cable, carried under | thin layer and left there under the alternate influence 
the floor of the exhibition building. The generating | of dew, rain, and sunshine, from two to four weeks. 
dynamo is fixed in the dynamo house, immediately ad- | Great care is required to determine the exact period 
jacent to Messrs. Mather & Platt’s pair of vertical en- | during which the straw is left out. If too short a time, 
gines and dynamos for lighting the fine art section. | the separation of the wood from the fiber cannot be 
The distance from generator to motor is 115 yards, but | perfectly carried out, and if too long a time the fiber 
this wight be greatly increased with very slight increase | itself becomes rotten and of diminished strength. In 
in the proportion of power lostin transmission. The | Ireland retting is carried on in pits, which are filled 
generating dynamo is also of the ‘‘ Manchester” type, | either with soft water, or where that is not obtainable 
and is a similar machine to the motor, capable of gen-| with hard water which has been left standing in the 
erating 25 to 30 electrical horse power at a speed of 950 | sun for some time to make it softer. The straw is put 
revolutions per minute. It is driven by a double/|in and weighted down with hurdles and stones, and 
eylinder diagonal engine, with cylinders 8 inches | left from two to four weeks, according to its quality 
diameter, 10 inch stroke, and running at 180 revolutions | and the weather. Some thirty years ago retting in 
per winute, with short belt driving, on the same prin-| steam heated water under Schenk’s patent came into 
ciple as that used with the motor. Although a separate | fashion, and a plant on that system was until lately in 
engine and generating dynamo are provided, this is not | use at the Long Melford mill. The system has the ad- 
necessary, and the current could be obtained from any | vantage of economizing time, but some spinners object 
dynamo of sufficient power used for lighting or for| to it on the ground that the fiber is not so strong as 
working other motors. Arrangements have been made | with the older and more primitive system. The appa- 
for connecting the motor cables to any of the four | ratus itself is, however, simple enough. It consisted of 
dynamos working the incandescent lamps in the art|four large wooden tanks, provided with a horizontal 
ee. as ee , we ——— ae a along a merge ag ~ 
e whole loss in conversion from mechanical | nected by a system of piping and cocks wi wo ° 
to electrical power, in transmitting the electrical | horse whe. Ae boilers, either of which is alone capable of 
power, aud reconverting into mechanical power, | doing the work. After the flax has been put into the 
does not exceed 25 per cent. This is far more than | tanks steam is admitted, and the supply is regulated so 
compensated for by the fact that the engine driving |as to keep the temperature between 80° F. and 90° F., 
the generating dynamo can be worked under the most | the operation lasting from four to six days, according 
economical conditions, which is impossible with an/|to the quality of the straw. There are various objec- 
engine driving direct. No better illustration of this| tions to this system. In the first place it requires great 
could be afforded than that actually a smaller engine | care to maintain the temperature at the right point. 
is employed for driving the generating dynamo than | If it should be allowed todrop to about 70°, the fermen- 
would have been employed had the printing machine | tation is checked, and cannot be restarted by an 
been driven direct. tn a large print works, where there | increase of temperature. In such a case it is necessary 
are a considerable number of independent machines, |to take the straw out, dry it, and repeat the whole 
the advantage will be still more conspicuous ; for, in| process. Another objection is the uneven manner in 
place of a separate small engine to each machine, work- | which the water is heated. Near the pipe it is almost 
ing necessarily with low steam pressure, often with con- | at boiling point, while other portions of the tank are 
sideraMe back pressure, and generally under conditions | left too cool. There is in fact a want of cireulation. 
where high efficiency is impossible, a single high class | The necessity of keeping the steam boiler under super- 
engine can be used, working under the most favor-| vision night and day also mitigates against the advan- 
able conditions, with high pressure steam, high/|tage of doing the work in ashorter time. To over- 
expansion, proper automatic cut off valves, giving | come these objections, Mr. Henly has devised a plan of 
the highest efficiency. This engine would be em-| steeping which appears to be both economical and safe. 
ployed to drive one or more generating dynamos, | His vats are 20 ft. square, and are filled with water toa 
which might also be employed for lighting purposes, | depth of about 5 ft. The straw is put in with the roots 
and from these cables would be taken to each in-|downward, and is submerged so that the top end is 
dependent machine worked by its own motor. Sucha | about 6 in. below the surface. In the middle of one 
system has, moreover, the advantage of avoiding the | side of the tank, which is constructed of 3 in. oak 
necessity of steam and exhaust pipes, or long ranges of | planking, there are two holes, one close to the bottom 
shafting, ranning throughout the building—a point of | and the other about 15 in. above it, and both are joined 
considerable importance when the operations carried | outside by a wrought iron pipe 3 in. to 4 in. diameter, 
on require great cleanliness. It also obviates the dan-| forming two horizontal branches with a bend. The 
ger of fire from hot bearings or of breakdowns in gear | pipe is in fact of the shape of a very long U, and the 
from one line of shafting to another. ‘The advantages! bend as well as a considerable portion of the straight 
of the system of electrical motors for the distribution | parts is heated by a furnace which is built round the 
of power may be briefly summarized as follows: Greater | pipe. The furnace is provided with a filling hole at 
economy in consumption of fuel ; more perfect control | the top, and is of the slow combustion pattern. From 
over each individual machine ; greater cleanliness ; the | this description it will be seen that the plant is exceed- 
availability of the plant used for the distribution of | ingly sim Me and inexpensive. As soon as the fire is 
power, for electric lighting and other purposes, and less | lighted the water in the bend becomes heated and 
risk of fire and breakdowns. —Jron. ascends, being discharged through the upper hole, 


A NEW DEPARTURE IN THE FLAX 





while the water from the bottom flows into the 
become in turn heated, and thusa continuous 
tion is kept up. The water disch. at the 
orifice rises to the tep and diffuses all over the 
of the tank and gradually sinks to the bottom, passing 
through the straw. Experience has shown that 
top end of the plant ov a slightly higher 
ature in steeping than the root end, and this 
is naturally fulfilled by the way in which the 
circulates. It is obvious that the temperature to 
which the great body of water. in the tank i 
heated simply depends upon the relative size of the 
tank and the pipe, and by adopting the proportion 
above given, the right temperature of from 40° to 90° js 
easily maintained without —_ special care in 
The furnace may in fact be left to itself for severgj 
hours, since the mass of brickwork forms a sufficient 
store of heat, and this is a great advantage in an 
ration which must go on night and day for about four 
to six days, according to the quality of the straw, 
The manager at the Long Melford will informed yg 
that last_autumn, when these tanks were first tried, there 
were steeped in each tank at one operation about 2K 
tons of straw, the furnace requiring 1}4 ewt. of coal jn 
the twenty-four hours. In the slightly larger tanks of 
the Schenk system about three tons were steeped, the 
quantity of coal required for the steam boiler 
however, above one ton in the twenty-four hours for 
four tanks, so that according to these figures Henly's 
system, besides the advantage of not requiring any 
careful supervision, effects a very considerable economy 
in fuel, as compared with the old plan of steeping in 
the steam heated water. A further advantage of 
Heuly’s steeping tank is the comparative absence of 
offensive exhalations. The water in passing through 
the pipe in the furnace is subjected to so high a tem. 
perature that the germs of organic matter are killed, 
and the offensive smell which generally accompanies 
the old methods of retting is much diminished. At 
present the straw after steeping is dried on a meadow, 
and for this reason the operation can ounly be con- 
ducted during the summer and early autumn ; but Mr, 
Henly is engaged in waking a drying chamber, by 
means of which the work will be rendered independent 
of the season. Taking, however, the process as it is 
now carried out, we may estimate that the time during 
which the straw can be steeped would be about twenty 
weeks, and as each tank will take 24¢ tons of straw per 
week, this would represent a total capacity of 50 tons 
for one season. The — of straw per acre naturally 
varies according to the quality of the land and the 
season, but we may take it that 35 ewt. would be a fair 
average. At this rate there would be a steeping tank 
required for every thirty acres of land under flax. 


slightly more expensive than the steeping by the old 
Irish plan, but the additional expense which is due to 
labor in firing and to the cost of fuel is not a serious 
item. 

From the figures above quoted it will be seen that 
with coal at 18s. a ton the cost of fuel per ton of straw 
isonly about 2s. 9d., and this item can be saved if the 
wood as it comes from the breaker is used for fuel. 
The cost of labor for firing is also small, since the, 
furnaces require attention only at long intervals. 

When the straw has been steeped a sufficient time to 
allow of the easy separation by hand of the wood andj 
the fiber, it is taken out of the vat, and is either sud- 
jected to a process known as wet rolling or is immedi 
ately dried and stacked ready for the breaker. Wet; 
rolling is a preparatory treatment before breaking, the. 
straw being passed through plain cast iron rolls while 
a jet of water plays onit. In this manner the round 
stems are crushed into a more or less flat shape, and a 
preliminary separation of the fiber takes place. This: 
treatment, however, is not necessary, well steeped 
straw being quite fit to go straight to the breaker. 

The machine hitherto used for breaking consists of ® 
series of fluted rollers, generally five pairs, the straw 
being fed into them end on. The flutings are coarser 
where the straw enters and finer where it leaves the 
rollers, in order to render the process of breaking 
gradual. This type of machine is, however, only ap- 
plicable for fairly oe farms. It requires considerable 
power, and can only be profitably used where a large 
quantity of straw has to be broken. For small farmers, 
who have only a few acres of flax, the machine is too 
expensive and otherwise unsuitable. To meet such 
cases, Messrs. Thompson & Co., of Fordingbridge, 
Hants, have constructed a small breaker, which is ia 
use at the Long Melford mill, and which we illustrate 
in the accompanying engravings, showing the machine 
from two sides. As in the older type, the straw is bro- 
ken by being passed through fluted rollers ; but instead 
of ten rollers, there are only five in this machine, and 
instead of the movement of the rollers being continu- 
ous in one direction, as in the old type, in the Thomp- 
son machine it is reciprocating, that is to say, the 
rollers turn alternately forward and backward, the for- 
ward motion being, however, slightly greater, so that 
the straw is gradually carried through the machine. 
The object of giving the rollers a reciprocating motion 
is to break the wood more thoroughly and afford faeil- 
ity for the broken pieces to fall out. The machine re 
quires less than 4¢ horse power, and can break from} 
ewt. to 6 cwt. of steeped straw per day. As the straw 
loses about twenty-five per cent. of its weight in steep- 
ing, this corresponds to about 7 ewt. of unstee 
straw, or, roughly, the produce of from one fifth to one 
sixth of an acre, so that this little machine can 
with the produce of an acre per week. The construc 
tion is very simple, and will be understood from our 
engravings. 
ower is applied by means of a belt, and on the 
shaft of the pulley is an eccentric imparting by means 
of a connecting reciprocating motion to a tooth 
sector, into which gears a spur wheel keyed to the Patt 
dle of the center roller. On the other end of thes 
is a crank set with a slight angular retardation as —- 
pared with the eccentric. This crank works a pa 
which engages with a ratchet wheel keyed to the 
end of the roller spindle above mentioned. The 
is slightly shorter than its travel, so that once 1D every 
revolution it leaves the spur wheel. At that woment # 
pawl comes in contact with the lowest tooth of the 
chet wheel and advances the roller, and with it thespar 
wheel, by the angular distance of one tooth. snd 
a after, the sector commences the return stroke - 
again wi 





engages with the spur wheel, not, however, 
the tooth at which it left it, but with the next one 
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Artificial steeping must under all circumstances be ~ 





the 
t p 
by | 
blo 
out 
pro 
mix 
is cc 
wha 
iron 
ing 
tow 
obj 
fibe 
torr 
tha 
in | 
ing, 
tain 
nin; 
the 
teet 
nin; 
ing 
ver} 
of |: 
foul 


ope 
atel 
he 
tak 
ene 
hee 
mat 
tair 
han 
bre: 
fro. 
ture 
eide 
for 
due 
nou 
asso 
Mel 
this 
figu 
res 
tive 
par 
ing 
hee! 
tire 
wer 


C 
seu! 
12s. 









“@wSRSELEKSZE FPSESSTESESLSFERSITS EF 


weer tl eT Sere FST See YAR Se Ss FS PP 


I cli le i Me ie Se | ee 











OcrosEerR 8, 1887. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 614. 








9801 








—_- 


this manner the forward motion of the middle roller ex- 
ceeds by one tooth its back ward motion,and thus all the 
five rollers, while dragging the straw toand fro, gradu- 
ally advance and pass it through the machine. The fiber 
thus produced is more or less entangled, and largely 
mixed with short pieces of broken wood. In the usual 

ss as bitherto carried on, large quantities of these 
pieces of wood are knocked out of the fiber by 
*seutching,” performed either by hand or on seutch- 
ing stocks by power. We presume the operation is 
generally known, and therefore a few words of deserip- 
tion will suffice. In hand seutching, which has almost 
entirely been superseded by power seutching, the 
strand of fiber is placed within a nick cut in a vertical 
board, and is beaten with a wooden knife. The mbe- 
chanical seutcher, commonly known under the name of 
the Irish seutehing stock, performs exactly the same 





operation, but with less care. The strand is held over 





ae 


IMPRO 





the horizontal edge of a vertical iron plate, and close to 
t pass wooden knives fastened to a large wheel driven 
by power. The fiber receives a succession of smart 
blows, anda good deal of the wood is thus knocked 
out of it; but at the same time a good deal of tow is 
produced, and this is more or less balled into lamps 
mixed with the wood. This mixture of tow and wood 
is collected from behind the wheel, and is placed in 
what is called a willy, a concave wooden frame with 
iron teeth, within which there revolves a kind of thrash- 
ing drum, also with iron teeth. This shakes up the 
tow, and allows a portion of the wood to fall out. The 
objection to the seutching stocks is that a good many 
fibers are by the violent treatment they receive either 
torn off or matted together, thus forming tow ; and 
that the tow which comes off the machine is hard and 
in lumps, instead of being free and open. After scutch- 
ing, the fiber is ready for the spinner, but it still con- 
tains a considerable quantity of wood, and at the spin- 
ning will this is taken out by the process of heckling, 
the strands being drawn through combs with steel 
teeth. Several combs are used, the operation begin- 
ning with coarse and ending with finer combs, accord- 
ing to the purpose for which the flax is required. For 
very fine threads, such as are used in the manufacture 
of lace, a heckling comb may contain as many as sixty- 
four steel teeth to the square tech. 

Mr. Henly proposes to entirely do away with the 
operation of seutching, and to heckle the flax immedi- 
ately it comesaway from the breaker. During our visit 
he had both operations performed, one strand being 
taken to the seutching stock and treated by an experi- 
enced seutcher, while the other was immediately 
heckled by a boy of thirteen. As regards the speed of 
manipulation, the process of scutching showed cer- 
tainly a considerable advantage; but, on the other 
hand, the finish of the sample heckled direct from the 
breaker was enormously better than that delivered 
from the seutcher, and thus, where speed of manufac- 
ture is not of primary importance, there seems a de- 
cided advantage in substituting the heckling process 
for the present system of scutching. How far the pro- 
duction of fiber on Mr. Henly’s plan will prove an eco- 
nomical suecess we are unable to say at present. The 
association, who are about to begin operations at Long 
Melford, intend to keep careful accounts to elucidate 
this point. Meanwhile we may reprodace here some 
figures which were given us by Mr. Henly, being the 
result of a trial made by him to ascertain the compara- 
tive cost of the two methods, viz., the old plan of pre- 
paring the fiber by mechanical scutching and deliver- 
ing it to the spinner in a dirty condition, ¢. e., full of 
wood, and his plan of preparing the fiber by hand 
heckling and delivering it to the spinner almost en- 
tirely free from wood. Two8 ewt. lots of steeped straw 
were treated with the following results : 


SCUTCHING PROCESS. 





8. d, 

8 ewt. of steeped straw gave 1 cwt. of 
fiber, vale... 2... .seccscccccssercece 1 19 0 
40 lb. of tow, value ............00000 0-2 6 
£2 1 6 


Cost of stricking (arranging the strands ready for the 
seutcher), seutching, and sorting, 9s. 4d.; leaving £1 
12s. 2d. as the net value of the produce. 


HECKLING PROCESS. 


d, 

8 ewt. of steeped straw yielded 14 
_ ewt. of clean fiber, value .......... i: EN 
°4 ewt. of fine tow, value........ ease O 80-@ 

14g ewt. of coarse tow, which re- 

heckled yielded 6 Ib. of fine fiber, 
VOMREE Cnc heredeo re ee ie Se he 
18 lb. of fine tow, value............- 0 30 
114 ewt. of coarse tow, value... .... 0 10 0 





The cost of labor, everything included, was 15s., leav- 
<i 15s. 9d. as the net value of the produce. ; 
he flax with which the experiments were carried 
out was of rather a poor quality, otherwise 8 cwt. of 
ped straw would have yielded more than 1 ewt. of 
Seutched fiber. 





If we may adopt Mr Henly’s estimate 


as practically correct—and the os of the next 
few months will definitely settle this point—he ap 

to have made out a very good case for intelligent 
labor versus the work done by the old fashioned 
seutehing stock, in all cases where only moderate 
quantities of flax have to be treated. e does not 
claim that meanenan seutching machines or improved 
heckling machines can be dispensed with where the 
manufacture is carried out on a large seale, his object 
being rather to show that small farmers are able with 
a very slight expense for power and machinery to work 
up their own crops during the winter, giving employ- 
— to one —— elias otal : 

s regards the economic side of the question, a very 
simple calculation based on the above figures shows 
that with an average crop of 35 cwt. of straw per acre, 
the net market value of the fiber and tow obtained per 
acre is about £8. Add to this £6 for the seed, chaff, 





and refuse, and it will be seen that even with a liberal 
allowance for cost of labor and fuel and depreciation 
of plant, there should remain a good profit.—Jndustries. 





AMUSING PHOTOGRAPHY. 


In photographic studios, canvas or paper back- 
grounds of various shades are used, and from these the 
operator, if skillful, can obtain very happy effects from 
an artistic point of view. 

The amateur, who is naturally not so well equipped, 
can nevertheless obtain a series of very interesting re- 
sults with two backgrounds only—a white and a black 
one. With the first, on making use of a vignetter dur- 











A 
Fie. 1.—PERFORATED CARD. 


ing the printing of the positives, he will obtain shaded 
portraits of a peculiar character on a white background, 
especially if he uses the platinum process. ith the 
second, he will be able to form what is called the Rus- 
sian background. This mode of printing is very valu- 
able where it is a question of portraits of persons in 
light costume. The process may be easily performed 
in the following way: A piece of cardboard is cut out 
in the form of a vignetter (Fig. 1), and is placed in the 
camera, where it is held by the folds of the bellows. 
The rays coming from the object can pass only through 
the aperture in the little screen, and will illuminate but 
one spot on the ground glass, all the rest being in dark- 
ness. The objective is moved in one direction and the 
other in such a way that the image shall be well cen- 
tered with respect to the illuminated portion, and the 
latter is made to vary by moving the screen backward 
and forward. On account of the distance from the 
sereen to the ground glass, the contours are shaded off 
with the greatest perfection directly upon the negative. 

To take up another line of thought, we know that a 
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Fie. 3.—COPY OF A PHOTOGRAPH SHOWING 
THE SAME PERSON THRICE REPEATED. 





perfectly black background has no action — the 
sensitive surface, that the latter remains intact in every 
Ee that the light has not struck, and that it is capa- 
le of receiving a new impression. It is by taking this 
fact as a basis that Mr. Marey has been enabled to 
register a series of successive images upon the same 
sensitized plate, The sole difficulty met with in this 
sort of work is due to the background, whieh should 
have absolutely no action upon ee same idr. Marey 
has had to employ the gpanes inted out by Mr, Chev- 
reul, and operate before te a deep cavity lined 
throughout with black velvet. Under such cireum- 
stances, it is possible to obtain a series of images on the 
same plate without the background having the least 
action upon the sensitized coating. The amateur, by 
the use of the black background thus conceived; will 
be able to obtain subjects varied at his pleasure, which 
will not fail to puzzle those who do not Con how they 
were produced. It will suffice for him to operate upon 
a sufficiently dark background or opposite an aperture 
in some dimly = inclosure. window or the 
mouth of a cave will give him very good results, Upon 
placing his model in various positions, and in taking 
care, by means of reference points taken for each opera- 
tion, to see that none of the images encroaches upon the 
other, he will be able to obtain a negative in which the 
same person will be found represented two or more 
times. It is useless to say that at every position of the 
model he will have to make an exposure of the desired 
duration in order to obtain a good negative. In this 
way, the various portraits will have the same value. 

The subjects that can be made in this way are very 
numerous. The same person can be represented pour- 
ing out a drink for himself, offering himself a fire in 
swoking, waking up a card party, ete. On intention- 
ally giving too short an exposure in one of the cases, 
we shall have a light, shadowy image that will permit 
of giving the effect of specters, apparitions, ete. This 
is the very poorens that has been used with so much 
success for obtaining spirit photographs, and by means 
of which so many dupes have been made. 

The amateur may vary his subjects as he pleases, but 
he must take care to place his model in such a way 
that the new image shal! not be confused with the first. 
If it be desired to obtain the same effects upon « back- 
ground other than a uniformly black one, the mode of 
operating will be different. 

The following very ingenious method is pointed out 
by Mr. H. Due, of Grenoble. It consists in making use 
of a special frame, which, instead of having a sliding 
shutter, is provided with two shutters that operate like 
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Fie. 2.—PLATE FRAME. 


the leaves of a door. These shutters, B B (Fig. 2), 
pivot upon two vertical axes, A A, whose upper ex- 
tremities project from the frame so that they can be 
maneuvered from the exterior. As the shutters must 
join very accurately, Mr. Due affixes asbestos paper to 
their edges. A sliding steel plate, ED, permits of 
keeping the two shutters closed before and after ex- 
posure. This is removed when the frame is in the 
camera, 

The ground glass is divided into two parts by a pencil 
line that exactly tallies with the junction line of the 
shutters. The subject is focused on one of the halves 
of the glass, and then the corresponding side of the 
frame is unmask After exposure the model changes 
place, and then the other side of the frame is opened. 

The photograph reproduced in Fig. 3 was taken in 
this manner. It contains three representations of the 
same person. The easel, stool, and artist having been 
arranged, an image is taken on the left side of the 
plate, then the painter moves his position to the right 
and a second exposure is made. The portrait on the 





Fie. 4—COPY OF A PHOTOGRAPH GIVING 
TWO PROFILES OF THE SAME PERSON. 
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easel is that of the same person, but was taken after- 
ward on the positive by means of the negative and a 
vignetter. The other photograph (Pig. 4) is likewise 
very curious, and was taken with the same apparatus. 
A hat was fixed firmly to a head rest, and the same 
person then glided under it and presented his two 
profiles.— La Kature. 
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INDIGO CULTURE. 


THESE sketches show the various stages of culture 
and preparation for the market of indigo. The lands 
are first carefully hoed or dug, and then plowed with 
the primitive native wooden plow. When moisture 
is searce, recourse is had to irrigation, the native mode 
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of raising water by the ‘cureen” and “ dhow” being 
superseded of late by machinery. The seed is generally 
sown about the beginning of March from drills, and 
the soil beaten down after by means of the ** hengaht,” a 
log dragged along by bullocks. The plant is ready to 
cut about June, when it is carted into the factory, and 
steeped in ranges of vats from about twelve to fourteen 
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hours. The water is then drained off into a lower 
of vats, where it is beaten either by cvolies or 
machinery, and turns from a pale pea green to a dark 
blue, in which particles of indigo are visible. The 
surplus water is drained off, and the sediment, known 
as “mall,” is pumped up into large boilers, and boiled 
for several hours, after which it is run on to a ‘* table,” 
covered with a large sheet, through which the remain- 
ing water strains. It is then put in presses, and 
ssed for twelve hours, and lastly cut up into cakes 

of three-inch cubes, and shelved to dry, and then 
ked and dispatched to the Caleutta market as the 
indigo of commerce.—Our sketches are by Mr. E. D. 
Campbell Bara, Tirhoot State Railway, India.—London 
Graphic. 








SIMULTANEOUS DEAD POINTS. 
By Prof. C. W. MacCorp, Se.D. 
IL 


THE nature and the effects of a single dead point, 
such as occurs twice in each revolution of the common 
steam engine, are familiar to every reader, and have 
been fully discussed by every writer on elementary 
mechanism. 


“If at any instant the plane traversing one of the 
crank arms and its axis of rotation coincides with the 
line of connection, the common perpendicular of the 
line of connection and the axis of that crank arm 
vanishes, and the directional relation of the motions 
becomes indeterminate. The position of the connected 

int of the crank arm in question at such an instant 
is called a dead point. The velocity of the other con- 
nected point at that instant is null, unless it also 
reaches a dead point at the same instant, so that the 
iine of connection is in the plane of the two axes of 
rotation, in which case the velocity ratio is indetermi- 
nate.” 

The truth of the first paragraph above quoted is ob- 
vious from a glance at Fig.1. B having reached the 
end of its excursion to the right, must now return 
toward B’, no matter in which direction A moves, and 
also B must for the instant be stationary, for the sim- 
ple reason that it cannot move both ways at once. 

But to the last clause of the quotation we cannot as- 
sent, and we now ae to show that when the two 
ends of a link reach their dead points simultaneously, 
as in Fig. 2, while the divestione! relation may be inde- 
terminate, the velocity ratio is not and never can be. 

Before proceeding, however, it nay be worth while 
to point out that the conclusion given by Prof. Ran- 


B 














ratio is at ev instant the same as that of 
ng ellipses, which certainly is never indetermi- 
ight be objected that this is not absolutel 

conclusive, since, if it be indeterminate, any value will 
satisfy the conditions, and the action of elliptical 
wheels merely fixes one of many possible values at the 
critical instant. The presumption, however, is against 
so remarkable an exception to the law of variation in 
the velocity ratio in one of two combinations whose 
actions are otherwise identical, and it will be shown 
farther on that if the levers are made to turn in op 
site directions by any means whatever, the velocity 
ratio will be determined by that fact, and will be the 
same whether the ellipses be present or absent. 

In Fig. 2, the motions of both A and B must be per- 
pendicular to the line joining those points, and the 
motion of the link must, therefore, at the instant be 
one of rotation about some point on A B or its pro- 
longation. Our first step is to find this point, the 

neral method of doing which can be best explained 

y first considering a special case, illustrated in Fig. 4. 

Iu this arran: ent the lever, A O, or 7, is equal in 
length to the link, A B, amd the lever, B D, or R, is 
equak to C D, the line of centers. In the position 
shown, the instantaneous axis of the link is at H, the 
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intersection of C A and D B prolonged. 




















This cannot be said, however, of cases where two 
dead points occur simultaneously, as, for example, in 
the motion of the coupled drivers of a locomotive. 
These seem to have received very little notice, and in 
What follows we propose to consider the action of link 
work as affected by such double dead points. 

In Fig. 1, the revolution of the crank, A C, causes 
the lever, B D, to swing through the angle, B D B’, 
there being a single dead point when the crank pin is 
at A and another when it isat A’. A very slight in- 
crease in the distance, C D, between the fixed centers, 
asshown in Fig. 2, will permit the rocking lever to 
traverse a much greater angle, E DF. There will be 
two single dead points as before at M and N, and, in 
addition, a double dead point when both A C and B D 
are horizontal, as represented. 

t will readily be seen that there are various other 
rons and relative positions of the three elements 
of this simple combination in which simultaneous dead 
Points may thus occur. Prof. Willis, in his ‘** Principles 
" Mechanism,” has illustrated quite a number of these. 

¢, however, goes no farther than to pos out the 
aa fact, and says nothing in reference to the motions 

the parts at the instant of coincidence. 

Prof. Rankine gives no illustrations in immediate 
connection with this topic, but he makes an explicit 
Statement in regard to dead points, which we quote 

Machinery and Millwork” (p. 198): 











kine would seem to be reached in this way. One well- 
known value of the velocity ratio in such a combiva- 
tion is that it is the inverse ratio of the perpendiculars 
let fall from the centers of motion upon the line of the 
link. Thus, in Fig. 3, let 


® = ang. vel. about D 
ra) “ “ “ Cc 
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then 
CG 


ae 


H 

And since D H and C G both vanish upon reaching the 
position shown in Fig. 2, we then have 
_ 90 
~ 0 

However this may be, it is curious to observe that 
Prof. Rankine had previously introduced, in illustra- 
tion of other matters, two ar ts whose action 
is contradictory to this conclusion. One of these is the 
parallel rod of the locomotive above mentioned. In 
this case the two levers are equal, and turn in the same 
direction, under which cireumstances the velocity ratio 
is unity, and cannot be anything else. The other is 
the use of a link connecting the free foci of a r of 
elliptical wheels. Both levers are of the same length 


sis 





here also, but they turn in contrary directions, and the 
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Now describe about A a circle through C, cutting 
C Hin G; alsoabout D a cirele through B, prolonging 
H D to cut its circumference in E, and draw G B, BC, 
CE. Then GB, CE being perpendicular to the com- 
mon chord, B C, are parallel, and the triangles, H G B, 
HCE, are similar, whence 

HG:GC::@B:CE—GB. 

Let the system move as shown by the arrows, then B 
will ultimately coincide with C, and since A and G de- 
scribe circles about C, they will at that time be re- 
spectively at A’ and G’, also E will beat E’, and we 
shall then have 

GB=GC=2r, 


CE=BE=2R. 


Meantime, the instantaneous axis, H, being always at 
the intersection of the levers a will move ina 
path whose form is not material, at the instant of 
collapse will fall at some point, H’, on the line of cen- 
ters, such that 


H'@ :27::27r:2R—2r 


2 
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and 


whence 
H'@' = 
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thus locating the instantaneous axis at the instant in 
question. 
Now let 


u, u = linear velocities of Band A 
0, 0 = angular ? Sap on & 


Then, because the linear velocities are proportional 





t at this instant. 


to the distances from the instantaneous axis, we have 
27° o 
on — —_ aT 
eo HOC R—r a 
SA. 3. ey ~ R+er 
R—r 


, linear velocity 
And also, because angular velocity — 


radius 
wa 
Rio 4 r 
we shall have Pee ; X—>, whence, sub- 
a’) u R 
v=— 
7 


stituting for = the value just found, we obtain as the 
value of the velocity ratio at the critical instant, 

v 2r 

© R+?r 

The system, with these proportions, presents a rather | 
curious feature. When B coincides with C, its ele- 
ments are in what may be called an ambigaous condi- 
tion if AC isthe driver, for it is then possible that 
B D may remain stationary while A C revolves at any 
speed and for any time, although if the follower be| 
helped over the dead point, the velocity ratio at the 
instant will have the value just ascertained. But mere 
inspection of the figure will show that if the longer | 
lever drive, it will compel the other one to move, and 
the action will be continuous while passing the double 
dead point, neither the velocity ratio nor the direc- | 
tional relation becoming indeterminate. | 

We may remark in passing that if the link in Fig. 4! 
be prolonged to P, making A P = A B, a pencil at P 
will trace the curve well known to mathematicians as 
the semniscate. Were the velocity ratio then to be- 
come indeterminate, the radius of curvature of the 
semniseate at its vertex would likewise’ become so, 
which it certainly is not. What its exact value is may | 
be graphically determined by a process of what may 
be called kinematic analysis, described by the writer in 
other numbers of this journal. That operation re- 
quires not only the location of the instantaneous axis 
as above explained, but also that its velocity should be 
ascertained, which latter will now be necessary for our 
present purpose, since upon it depends another mode 
of procedure which is applicable when the proportions 
of the elements are different from those given in Fig. 4, 
in which case the geometrical solution above given is 
impracticable. 

Now, in Fig. 5, and other like movement diagrams 
which follow, it is to be understood that C V and D Y 
do not represent positions of the levers; but A V, B Y, 
and H W represent the motions of A, B, and the in- 
stantaneous axis, H, at the instant of collapse. 

The actual magnitudes of these lines are immaterial, 
but the relative velocities mnnust be such, and H must be 
so situated, in all cases, as to satisfy the following con- | 
ditions, viz.: 

1. Because the link, A B, is at the instant turning | 
about H as a center, the line, Y V, prolonged if neces- | 
sary, must pass through H. 

2. Because H is the virtual intersection of the center 
lines of the levers, AC, B D, the magnitude of H W 
must be such that the prolongations of C V and D Y| 
shall pass through W. 

From the similar triangles thus formed, the velocity 
ratio may then be deduced algebraically, whatever the 
relative lengths of the levers and the link. 

The proportions of these in Fig. 5 are the same as in 
Fig. 4, and we have: 

HW HD) 


Triang WD rD).. = 

(Triangles HWD, BYD) BY BD | AV_HD_AC 
AV_AC|* ‘BY~ HC*BD 

‘HW HC) 


AV_HA ._HA HD_AC 
‘BY Ho’ HC~HCG* BD" 











(Triangles HWC, AVC). 


(Triangles HAV, HBY). (1) 


Now letAC=AB=7r,BD=R,HA=2; 
then HB=HC=a%2+7,andHD=2#2+7r+R,| 
and Eq. (1) becomes 
x w+r+R_ 0 
= —— x 
e+r x+r R 
which gives 
r(R+?r) 7 
R or ae . (2) 





As the rotation progresses in the direction of the 
arrows, I will move to the left along DC, and at the 
instant of collapse, when B coincides with ©, making 
BE =CE =2R,P will fall at G, making PC = 
P B = 27; and I will have reached a position, I’, sueh 





that 'G':2r:27:2R—2r 
, , 97? 
whence re= _— 
27° 2Rr 
’ a) ae . 9 ~ ce 
Then POs g—. +8r —_— 
_2Rr _ R(R+7) 
and 'D= >? R= R—?r 
Ic v 
on iD v 
, : Gi OP. 
whence o ~ RRP Ri? 


Assurance then is made trebly sure, by the agree- 
ment of the result thus reached with those previously 
deduced ; and we may now proceed to consider the 
effects of variations in the relative lengths of the levers 
and link. 

Fig. 6 differs from Fig. 5 only in the length of A B, 
which is now wade longer than A C, the shorter lever 
(just as it was in Fig. 2), so that B does not coincide 
with C. Bat, taking first the case in which the rota- 
tions are in the same direction, we have the same series 
of similar triangles, similarly arranged, and the dia- 
grams being lettered to correspond, we at once deduce 
the same equation, 


HA HD AC 
HG HO x BD pohedeossennaed (1) 
Now let 
AG=zr, AB=i, BD =RB, HA=sa2; 
then 
HC=a+7r, HB=24+4,HD=2+/7+R. 
Substituting these values in (1), it becomes 
@  2e2+i4+R _ 9¢ 
atl w+r ah 
- 2rt = .rlR+rP 
whence o- 2 — e 
Completing the square and extracting root, this gives 
PCS - 2 _ V/Rir(R+t--1) 
y R—r-_ R—r 
J / > me 
or a=" wh 4 iid! ital) 
R—?r 
Next, we have 
ae BY | 
RB , .9 BY x ¥ 
—j * = R 
= 
r 
oe BY HB ee 2 
— . 2 aa? Bae 
But 
Pe ee 
HB=2x2+/andHA On 5 a X RB) 


Combining (2) with (8), and reducing, we find ulti- 
mately the value 


o Rir+r YfRir(R+-1—7) 
0 Rir+R/RIir(R+l—y 
Or we may take the expression 


. (A) 





v HC 
o HD 
which, since H C = 2 4-7, and H D=a#+/-4R, gives 
v a+r 
0 2 +7+R 


and substitute in this the value of x 
whence by reducing we find 
o r(R +li—r)+4/Rir(R+/—7r) 


o- R(R+l—n)+ V/RirR+l—n ) 


It must be confessed that the identity of the expres- 
sions (A) and (B) is not obvious on inspection ; 
one be inverted and multiplied by the other, it will be 
found, on performing the operations indicated, that 
the result reduces to unity ; moreover, if in either we 
make / = r, it will reduce, as it ought, to the form 


from Eq. (2); 


0 27 


0° R+r’ 
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affecting the result in the transmission of either motion 
or foree. 

Now, so long as there is any component in the direg. 
tion of the link, there is no occasion, and, it may be 
said, no ground, for questioning the argument: nor 
yet in the case of a single dead center, as seen in Fig. 3 
where the link rotating about the instantaneous axis 
B, which is stationary at the instant, no motion is 
transmitted from A to B D. 

But in Fig. 4, we may imagine B D to drive with a 
perfectly uniform motion, in which case the velocity of 
A C will be variable, of course, but it does not vanish 
at the instant of collapse, when, as above shown, the 


ratio of the angular velocities is Re and that of 
9 
the linear velocities of A and B is Ped Under these 


circumstances, then, this combination seems to present 
a remarkable exception to the general proposition re- 
ferred to, whether it be regarded kinematically or 
dynauically. i 

It may he said that, owing to the elasticity of mate- 
rials, to the nmpossibility of securing perfect freedom 
from play or “lost motion,” and in short, to all that 
prevents the realization of abstract desiderata, there 
will practically be a small rotation about A at that 
time, and that an infinitesimal action of that kind wil] 
introduce a longitudinal component of motion or of 
force. 

But we conceive ourselves at liberty to imagine what 
we may not be able to realize, and to confine our atten- 
tion to what is going on at the exact instant in ques- 
tion. We have shown that neither the directional 
relation nor the velocity ratio is indeterminate; we 
have the right to assume the motion of B to be con- 
tinuous, in which case that of A must also be uninter- 
rupted ; and supposing absolute perfection of materials 
and workmanship attainable, the question remains, 
How is the force transmitted in the one view, or the mo- 
tion in the other—not an instant before or an instant 
after crossing the line of centers, but at the precise in- 
stant of collapse? Our explanation is this: That the 
link then acts as a lever, whose invisible, intangible 
fulerum is the instantaneous axis. Supposing for the 
moment the levers to be removed, it is easy to see that 
if by any other means we impart to A and B motions 
satisfying the conditions of direction and velocity 
above deduced, the result will be identical with a rota- 
tion about that axis. Now, restoring the levers and 
imparting the same motion to B, it will be perceived 
that the action of A Bis so constrained by its connec- 
tion with AC that its point, A, must move with a 
velocity having a definite ratio to thatof B. As before, 
then, the result will be a rotation about the instanta- 


neous axis, and the link is for the instant a lever, and . 


both the dynamic and the kinematic transiuission de- 
pend upon its absolute rigidity. 

Supposing it to be rigid, then, we perceive that a 
continuous motion of B D will carry the system past 
the double dead point position, and that if it be 
stopped in that position, a motion of B D will start it. 
But the operation is different if the shorter lever be 
made the driver. In that case, it is true that the 
velocity ratio will be maintained as before, up to the 
instant of collapse, but it does not follow that B D will 
be carried past the dead point, for there, as before 
mentioned, the condition is ambiguous, as B coincides 
with C, so that A C may go on revolving. carrying A B 
with it, and imparting no motion to B D, which cer- 
tainly would occur were the system stopped in the 
critical position. 

In this one contingency, therefore, the velocity ratio 
becomes infinite in the sense that A C may have any 
velocity whatever. This, however, is equally true for 
the instant in the case of a single dead point, where 
the driven lever is also stationary, but it is not inde- 
terminate in the full meaning of that term, which 
would require it to be possible for both levers to move 
with any velocities assigned at pleasure. 

Practically, then, the shorter lever fails to drive past 
the double dead point, not because the velocity of the 
longer one becomes indeterminate, but because it is in 
that position possible for the combination to become in 
fact a different system, if it may be so called, in which 
B D is to all intents and purposes a part of the frame, 
while A B and A C constitute in effect a single lever 
revolving about a fixed center, C. The resistance 
being obviously much less in this ease, the probabilities 
are that unless the momentum of B D were consider- 
able, that lever would stop abruptly on reaching the 


but if | horizontal position, and the simple rotation just men- 


tioned would be established. t 
On the other hand, if B D be the driver, a recipro- 
eating wotion of that lever can maintain a continuous 


| rotation of A C only by the aid of the momentum of 
|the latter in carrying it past the two single dead 


Now H W is the linear velocity of H, a point common | showing that all this complexity in the expression for | 
to both levers, whose angular velocities will therefore | the velocity ratio is due to the fact that B and C do| 


be inversely proportional to the distances of H from 
their centers of motion ; then if we again let 


t = ang. vel. about D 
v= ang. vel. about C 
v 


HC cbr 
7" aaenk** 
and combining (2) and (3), we find as before, 


we have 


0 2r 
®o R+r 
But again, another familiar value of the velocity 
ratio in general is expressed by saying that it is the 
inverse ratio of the segments into which the line of the 
link divides the line of centers 
Thus in Big. 3, the link crosses the line of centers at 
a point, I, between C and D; in Fig 4, BA produced 
cuts the prolongation of D C, and thus divides the lat- 
ter distance externally into the segments, C1, DI; 
and in either case we have 


Ang. vel. about D _ CI 
Ang. vel. about C ~ DI 
If now in Fig. 4 we draw PC, B B’, these two lines 


will be perpendicular to BC, and therefore parallel, 
making the triangles, I P C, I B EB’, similar; whence 








IP:PB::PC:BE' —PC. 


not coincide at the instant of collapse. 


In order to construct the diagrams, Figs. 5 and 6, for | . - : 
move nor be moved until a double dead point again 


any given values of R, /, and 7, it is necessary to deter- 
mine the position of the instantaneous axis, by substi- 


tuting these given numerical values in the formule (2), | 


and reducing ; but for the purposes at present in view 
it is not essential that the diagrams should be accu- 
rately drawn, since a mere sketch will suffice in aking 
the computations. 

As before remarked, the directional relation in Fig. 6 
is indeterminate, the case being identical with that in 
Fig. 2, by referring to which it will be clear that in 
moving from the position there shown, the levers may 
turn either in the same or in opposite directions. 

The discussion of the velocity ratio in the latter 
event is reserved for a subsequent article, but we would 
here call attention to a special feature of the action of 
the arrangement shown in Figs. 4 and 5, which has not 
yet been mentioned. 

It is usually considered, we believe, that only the 
component in the line of the link is effective in trans- 
mitting motion from one lever to another. Thus, if in 
Fig. 3 the shorter lever drive, let A L, perpendicular to 
A C, be the motion of the point, A; resolve A L into 
the components, A M and A N, respectively, perpendieu- 
lar to and coincident with A B; then A N is that which 
imparts motion to B D. So that if, as in this case, the 
link acts by pulling, « very thin, inextensible, but per- 
fectly flexible wire might be substituted for it without 





points. 

One other circumstance may be noted in regard to 
this interesting arrangement. If A C and A B together 
do revolve about C while B D is at rest in the horizon- 
tal position, through never so small an angle, then 
B D will be locked in that position, and can neither 


occurs. That will happen when A C has made a half 
revolution from the position shown in Fig. 2, the two 
levers then pointing in opposite directions. But they 
will also rotate in opposite directions, and the investi- 
gation of the velocity ratio in that case will be given 
at another time 


TEXTILE MACHINERY AT THE MANCHESTER 
ROYAL JUBILEE EXHIBITION. 


THE display of textile machinery at the above ex- 
hibition is the finest which has ever been made. It is, 
of course, mainly an illustration of the machines used 
in the manufacture of cotton ; but there is a very not- 
able collection of machines for the treatment of wool, 
and a few intended for the manipulation of silk. As 
the various machines exhibited are from the latest 
patterns designed by the makers, and comprise the 
whole of their most recent improvements, no better 
education is possible to a student of textile mechanics 
than a careful inspection of the exhibits in this section. 
It is our object in these articles to describe and illus- 
trate, as far as possible, the various devices and appli- 
ances used by different machinists in each class of ma- 
chines. To.do this effectually within a reasonable 
space and avoid repetition, we propose to treat 
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mpehine separately, and describe the variations in the 
pechanisin adopted in the various exhibits. The es- 
tablishment. however, of any comparisons would neces- 
sarily lead to the introduction of many other consider- 
ations which are at present beyond the scope of these 
ss of cotton spinning consists of three main 

There is first the opening and cleaning treat- 

t, which is necessary to eliminate dirt, leaf, and 
other extraneous matter, always to be found attached 
tothe fiber when received in the bale. Thesecond pro- 
cess consists in the straightening and drawing of the 
fiber preparatory to twisting, and thie is effected bv the 
and drawing machines. Twisting the sliver 

which is thus obtained constitutes the third stage, and 
js effected by a series of machines which will be duly 
ered. After the yarn is formed it can be manu- 
factured into thread for {ace or sewing purposes, or it 
may be woven into eloth. Before it reaches the loom, 
however, the yarn passes through a series of prepar- 
processes, and after being woven the cloth may 


be hed, calendered, or printed, as desired. The 
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Fig. 1—-IMPROVED COTTON PRESS. 


Whole of these stages in manufacture and the machines 
ued in them are represented in the exhibition. In 
addition to this, the machinery used in preparing the 
é t for importation into this country receives illustra- 
the by means of the cotton gin of Messrs. Platt Bro- 
ers & Co. and the presses of Mr. William Turner and 
‘srs. Nasmyth, Wilson & Co. 
ling with the machines in the order in which they 
Suecessively treat the fiber, the first to be noted is the 
— gin made by Messrs. Platt Brothers & Co., Lim- 
ted,of Oldham. This machine is on the Macarthy 
Principle, but is constructed so that beyond the neces- 
AL labor entailed in feeding it no attention is required. 
the bottom of the hopper into which the cotton is 
ung are two rollers covered with walrus leather, to 
boy . by reason of its rough surface, the fiber adheres 
the is drawn against a knife blade which rests upon 
. =the of the cone. By mene = anigneed never 
ressure is kept upon the knife, the position 
se blade being practically a rigid one. As the cot- 
lade ing drawn forward as described, asecond knife 
7 


ward underneath the fixed blade, and is delivered at 
the under part of the machine free from seed. In case 
of any obstruction arising from the presence of large 
pieces of cotton, strings, bands, etc., the rollers are 
arranged to recede and allow of the passage of the ob- 
structing element. The gin will treat various lengths 
of fibers, and can be altered to suit these by simply 
making a change in the length of the traverse of the 
oscillating knife. The machine rollers are 40 in. wide and 
6 in. diam., and the production varies from 601Ib. to 120 
Ib. per hour, according to the class of material treated. 
After being:treated by the gin the cotton is then ready 
for making into bales, and although no press actually 
constructed for the treatment of this material is shown, 
models are exhibited by Mr. William Turner, of Salford, 
and Messrs. Nasmyth, Wilson & Co, Limited, of Patri- 
eroft. The press of which Mr. Turner shows a model 
is constructed in a novel manner, and is illustrated in 
Fig. 1. It presents a combination of the steam and hy- 








a is oscillated within the neppes and — 
close proximity to the fixed e, Se 
the seed from the fiber. The latter is then carried for: 





2.—-THE C 


Fig. 





OTTON PULLER. 


tween the pumps and hydraulic cylinders opened. 
The steam exhaust valve is then opened, and the 
weight of the various parts forces the water out of the 
umps iuto the cylinders below and completes the press- 
ng of the bale. The doors are opened, and the bale is 
rouee or banded. The central prop attached to the 
follower is a ram fitting in an air cylinder. As soon as 
the bale is packed, the shutters holding up the props 
are released, and the follower and props fall to the 
starting position in about two seconds. The bale is 
then removed, the door shut, and the boxes are revolved 
until the next one is under the cylinder, when the 
cycle of operations is again gone through. 

While the bale is pressed in’ the manner described, 
the two boxes not in use are being filled, and this can 
be done in the time oceupied by the formation of a 
bale. As actually made, the apparatus combines a 
pumping engine and press, and is very strongly con- 
structed, the hydraulic cylinders being all of steel and 
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Fie. 3.—THE COTTON OPENER. 


draulic press, and has three boxes, which revolve so 
that two of them are always out of the way of the ram 
and in position for filling while the bale is being press- 
ed inthe third. Assuming that the full box is in the 
position shown in the engraving, the steam cylinder 
which is at the top is put in operation and its piston 
lifted by the steam pressure. ‘To the end of the piston 
rod is attached a cross head, which is connected with a 
similar cross head below the box by rods. As the cross 
heads are raised the follower or bottom of the box is 
also raised, thus partially pressing the cotton. This 
first stroke is 10 ft. or 11 ft. in length, and is made in 
two seconds. As soon as the steam stroke is finish- 
ed, two props attached to the follower are locked 
underneath by two strong shutters, which auto- 
matically slide into position over the heads of the 
rams of the four hydraulic cylinders shown in the en- 
graving. As it ascends, the piston draws up eight 
rams, which fit in cylinders placed immediately adjoin- 
ing the steam cylinder. In this way the water is si- 
phoned into the cylinders named, which practically act 
as pups. As soon as the steam has done its work the 





siphon valves are closed, and the pressure valves be- 


the baling boxes of wrought iron. The attendants re 
quired to work this press are four in number, one man 
to work the relief valves, one the steam cylinder valves, 
and two to revolve the boxes, these being, of course, in 
addition to those required to fill the boxes. An output 
is reached per hour of sixty bales of Egyptian cotton, 
each weighing 700 lb. The advantages derived from 
this arrangement include specially the speed attained 
in conjunction with pressing power, the dead weight 
which is lifted by the upward stroke of the steam 
cylinder being all utilized during the down stroke to 
provide the hydraulic pressure which is necessary to 
finish with. 

The cotton being now in bale form is imported and 
arrives at the mill, where it is freed from the bands or 
ropes, and is then, in some cases, placed in layers upon 
the feeder of the bale breaker or cotton puller, illus- 
trated in Fig. 2. Of this machine there are two ex- 
amples shown, one by Messrs. Platt Brothers & Co., 
Limited, and the other by Messrs. Taylor, Lang & Co., 
of Stalybridge. In construction the two machines are 
very much alike, being made with three pairs of rollers, 
which revolve at different speeds, so that the cotton is 














Fie. 4.—OPENER AND LAP 





MACHINE. 





Fie. 5.—OPENER AND LAP MACHINE. 
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ulled as it passes through the machine. The first 
wo pairs of rollers are formed with blunt spikes, and 
the third pair are fluted. 
ment the spikes in each roller are formed on flat disks, 


peaeegs (which are made with much finer apertures 
han the first set), moving in the direction indicated by 


In Messrs. Platt’s arrange-| the arrow. 


The leaf and sand are thus freed from the cotton. 


this allowing of any one of the disks or segments being | which _ up the air trunk shown, and is formed 
eece 


broken off the shaft in case the teeth should break, the| into a 


on the two circular cages, being afterward 


remaining disks being pushed up, and the replacement | stripped by rollers, and formed into a lap or roll at the 


being made at the end. The teeth of each segment or 
disk are set at half pitch of the adjoining disks, so that 
the feeding action is a gradual one, and no choking 
takes place. 

The details of the machine are well worked out, the 
intention being to ‘‘ pull” the cotton in such a way as 
to open it thoroughly and take out all the lumps. 


end of the machine. The suction is supplied by a fan 
which is fixed immediately below the ascending air 
trunk, to which it is connected, as also the cages, by 
'the pipe indicated by the dotted lines. Thedraught 
is regalated by means of louvers marked C. The ad- 
vantage claimed for this arrangement is that a very 
large area of cleaning surface is given, thus allowing of 


After passing through the rollers the cotton is delivered | the formation of alap which only needs to pass the 
on toa creep lattice, and is carried forward to the place! finisher seutching machine before carding. 
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Frias. 6 AND 7.—SCUTCHING MACHINE. 


where the mixing takes place. By asimple arrange- 
ment the delivery of the pulled cotton may be made in 
two or three places in the mixing room, and the com- 
bination so attained can be inade to pull and lay down 
90,000 lb. of cotton per week, for which output only two 
men are required. 

The cotton having been pulled and mixed is then 
taken to the opener. The machine for this purpose 
which has for some years found most favor with spin- 
ners is that which bears the name of its inventor, Mr. 
Jrighton. The object of the process of opening is (as 
the name implies) to put the cotton fiber into a loose or 
open condition, and at the same time to allow the sand, 
leaf, or other adherent impurities to fall into receptacles 
formed to receive them. The only Crighton opener 
shown is the double one made by Messrs. Curtis, Sons 
& Co., which has two beaters. These are conical in 
shape, and consist of a number of disks placed horizon- 
tally on a vertical shaft, and decreasing in diameter 
from top to bottom. Steel blades are placed on the 
rim of the disks, which beat or throw the cotton against 
a vertical grid, which is also conical, thus loosening the 
fiber, and driving the dust or other impurities through 
the bars of the grid, whence it falls to a cavity at the 
bottom of the beater box. An exhaust fan is so placed 
that the cotton is drawn upward through the beaters 
and over revolving dust cages, from which it is taken 
by means of rollers and delivered upon a lattice feed. 
In the machine made by Messrs. Curtis the adjust- 
ment of the draught is such that either single or double 
opening can be given. In order to obviate handling of 
the material, it is now becoming a general practice to 
connect the opener with the next machine of the series, 
viz., the seutching machine. As the cotton is drawn 
from the one machine to the other by means of pneu- 
matic suction, the feeder and the opening machines 
may be at any distance apart, either in the same room 
or any other. Fig. 3 shows the connection between 
the two machines, B representing the flue or duct, and 
C the fan which draws the cotton into the combined 
opener and seutcher, D. 

Before treating of the scutching machine with its | 
lap attachment, it will be convenient to describe a com- | 
bined opener and lap machine, made by Messrs. Taylor, 
Lang & Co., and which we illustrate in Fig. 4. The 
machine consists of a lattice feed, which travels in the 
direction of the cylinder as indicated by the arrow, and 
upon which the cotton is fed. A feed roller takes the 
cotton from the lattice and it forward into the 
beater chamber, which is horizontal. On the inner 
side of the cover are a number of nogs,A, an which 
the material is thrown by the action of the revolving 
eylinder (shown in section), which has also on its cir- 
cumference a number of similar projections, The fibers 
are thus loosened and partially straightened, and the 
heavy impurities are freed. As the cotton is passed 
round the cylinder, the impurities which have been 
loosened as described are thrown against and through 
the grate bars, B, falling into a deep cavity made to 
receive them. Tenanediately after passing the first 





series of bars the cotton is roe | le a the cylinder, 
and travels over the additio shown in the lower 





Messrs. Platt Bros. & Co. show a combined opener 
and lap machine, illustrated in Fig. 5. The cotton is 
delivered by means of a special feeder, which may or 
may not be in the same room. This machine is fitted 
with a poreupine feed roller, and the cotton is carried 
forward by means of the draught created ns | the opener 
fan through dust trunks, as shown in Fig. 3, and 
thence into the cylinder of the opener shown at the 
right hand side of Fig. 5. At each end of the cylinder 
is a wing disk fan, which throws the cotton about the 
cylinder upon the first cage in a very evenly distributed 
fleece. This isstripped from the cage and submitted to 
the action of a three-wing beater, which is nade with 
elliptical arms, these presenting less resistance to the 
air, and being equally strong. The cotton is then 
formed into a lap in the usual way. 

Figs. 6 and 7 show in section and plan respectively 
the seutching machine made by Messrs. Howard & 
Bullough. Assuming that the material has been formed 
into a lap or roll, three or four of these are placed in 
brackets over a feed lattice, whence the combined laps 
are drawn forward over the feed regulator. 

It is somewhat to be regretted that Messrs. Lord 
Bros., of Todmorden, who were the original inventors 
of the ingenious piano feed ulating motion, are not 
represented in this exhibition by one of their machines, 


| 


of this method. The feed, as shown in ‘gs. Gand, 
consists of a series of levers extending the full wide 
the feed lattice, and having a flat nose or 
over which the fleece . This lever is pivoted 
the back of the al. Thus if a thick place in 
lap passes, the al is depressed, inasmuch as the 
volving feed roller placed above the pedal nose hag 
vertical movement. To the other end of the 
lever is attached a pendant rod, C, which is b 
as its lowerend. An oblong box surrounds the 
end of the pendants, and carries a number of bowl, 
which are placed between each pair of rods, the bows 
being held so that they have a free revolving move. 
ment, and are arranged to traverse laterally, but not 
vertically. Ordinarily one bowl only is placed between 
one pair of pendants, and the effect is that when the 
two pendants are lifted at the same time, the bow! is 


#Fere, 


Fy 


of the motion of the bowl, and a great amount of f 
is setup. To obviate this, Messrs. Howard & Bul} 
construct one side of the pendant at its lower end with 
a central rib, and instead of having one bow} 
three are used. The two outer bowls are of largerdiam. 
eter, and press against the plain side of the pendant, 
| while the central one, being smaller, is operated only 
by the rib on the adjoining pendant. In this way, as 
all three are free to revolve separately, the lift of two 
adjoining pendants is accomplished without the friction 
just spoken of. As the pendants are lifted, the bowls 
are of course revolved, and the pressure of the wider 
ends of the former sets up a horizontal movement, 
which is communicated, by means of levers suitab} 
| placed, to the strap guides operating the strap on the 
cone drums, E F, the — guide levers being con. 
nected by sector wheels as shown. The cone, F, is dj. 
rectly geared by a worm and worm wheel to the feed 
roller. 

It will be seen that, when the strap is moved, a quick- 
er or slower motion will be given t6 the roller, and the 
feed increased or diminished to compensate for thin or 
| thick places. As soon as the cotton passes the pedal, it 
|is struck by the blades of a two-armed beater, A, re 
volving at 1,500 revolutions per minute, and is thus 
flung about and opened. At the point, D, on the un- 
der side of the beater case are dirt grids, below whieh 
are air bars, which can be adjusted as desired to admit 
a greater or less quantity of air. Between the two sets 
of bars are plates, which effectually prevent any 
|return of the dirt or leaf into the beater box. The 
object of the air grates is to allow of the air being 
| drawn in only in the necessary quantity, since the dirt 

and leaf will not otherwise fall easily and freely. This 
| very desirable object is further attained by the use ofa 
| hollow beater shaft, which has slotted openings in it 
| inside the beater box, air being thus drawn in anda 
partial equilibrium or slack place in the current of air 
set up. m the beater the cotton passes on to a pair 
|of dust cafes formed of perforated metal sheet, upon 
which it is deposited in the form of a fleece, being 
thence stri oad by the usual means and formed intoa 








lap. The draught required in the machine is obtained 
by means of the air e shown and a fan placed in 
a suitable tion. With the exception of the arrange- 


ment of the pendant bowls, the construction of the 
beater with a hollow shaft, and the adjustable air 
bars, the deseription thus given fairly embraces the 
general construction of the various scutchers shown, 
there being, however, differences in points of detail 
which will duly be noted. 

The finisher seutcher shown by Messrs. Platt has the 
pedals placed upon a knife edge bearing, giving great 
sensitiveness. Some of the bars under the beater are 
cut so as to offer a sharp edge to the cotton, and the 
dust box is very long, with a number of loose bars. 
The feed rollers of this machine are three in number, 
one above the nose of the pedal and the other two im- 
mediately behind the pedal nose, this being an improve 
ment on the usual mode of construction. The old and 
new arrangements are shown in Figs. 8 and 9, and the 
advantage gained is that the cotton is struck by the 
beater bars at a less acute angle than when struck di- 
rectly from the pedal nose, and as a consequence sus- 
tains less damage. This arrangement is also adopted 
by Messrs. Taylor, Lang & Co. in the seutchers shown 
by them. The lever in the cone box is actuated bya 
chain instead of by a series of levers, and a more direct 
action with fewer joints is thereby obtained. 

The seutching machine which is exhibited by Messrs. 
Asa Lees & Co., limited, of Oldham, varies in its. feed 
arrangement from all other machines in the exhibition. 
The method pursued is shown in Figs. 10 and 11, 
which give respectively an end and side view of the 
mechanism. The pedals, E, are threaded on a rod, and 





but there are several examples showing modifications 
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Fie. 8. 


their loose ends rest upon vertical rods or pendants. 
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eS 
The lower ends of the pendants rest upon balanced 
two of which in turn rest upon a eae aoe 
pla ight of the whole of these being sustained by a 
longer plate of the same ore we The large plate is 
hong by arod or hook upon the end of the lever, F. 
fulerumed on « knife edge, as shown at H in Fig. 11, the 
wotion given being communicated to the strap guides 
py the series of levers seen in Figs. 10and1l. , 
“The oscillation of the pres set up by the depression 
of any of the series o als results in an altered 
ition of the strap, and by means of worm gear of 
the s of the feed roller. One important feature 
of this motion is that the cone pulleys, A, are horizon- 
tal instead of vertical, so that the strap is adjusted with 
jess exertion. A second improvement consists in the 
method of driving, which is illustrated in Figs. 12 and 
13. The usual plan is to drive the feed cones and the 
lap attachment by separate belts. The defect of this 
ss is that if the lap strap comes off or breaks, the 
attachment will continue to work, and the beater 
box become full of cotton, resalting in a stoppage or 
smash. The method employed by Messrs. and 
shown in side elevation in Fig. 12 and in end eleva- 
tion in Fig. 13, is to drive both attachments by means 
ofan endless rope passing over a groove in the loose 
half of a friction clutch, C, on the beater shaft, B, and 
thence traveling as shown by the arrows so as to drive 
the lap roll, D, and the cones, A. The result of this ar- 
rangement is that both the feed and lap motions are 
stopped at the same time, and immunity from break- 
downs is secured. 

The machines just described complete the series 
which clean and open the cotton. The primary object 
of them all is to form a lap which shall be even in sub- 
stance, and cleaned from the greater part of its impuri- 
ties ready for treatment by the carding engine. It is 
now recognized universally that an even yarn depends 
greatly upon the proper performance of the scutching 
operation ; and although it is true that inequalities in 
the laps can be treated effectually afterward, it is 
much cheaper to get regularity in weight at the earliest 
stage. It will be seen, by considering the mechanism 
described, that evenly weighted laps are formed at a 
very early period, and makers will guarantee the pro- 
duction of laps with no greater variation in weight than 
1% percent. Messrs. Platt Bros., who show the whole 
series of machines, state that they can pass cotton 





Mizxing.—The concrete to be composed of five (5) parts 
of broken stone, one and one-half (va) parts of sand, 
and one (1) part of cement measured dry. Only the re- 
quisite quantity of water to be used (about twenty-three 
gallons to the cubic yard of concrete), and the whole 
to be thoroughly incorporated when prepared for the 
trenches. 

Only so much mortar should be worked up at a time 
as can be put in the trenches and rammed solid in posi- 
tion, complete before the setting has taken place. The 
cement and sand must be well and thoroughly mixed 
dry, then water added and worked in until the whole 
is reduced to wortar of a aniform consistency. The 
broken stone, well drenched and drained, is then to be 
thrown into the boxes containing the freshly made 
mortar, and worked into it till each stone is thoroughly 
coated with mortar, care to be taken that no more mor- 
tar is used than is necessary to fill the interstices be- 
tween the stones. 

Laying.—The concrete foundation is to be of the 
dimensions shown and noted on the drawing, of the 
various widths and depths figured and shown by 
sections, and must be carefully laid to the lines shown 
on the plan. 

The concrete is to be mixed in small batches, and, im- 
mediately after mixing, to be put into the trenches in 
layers about nine inches thick, commencing and work- 
ing both ways, and thoroughly but gently ramming 
until the water forms.on the surface ; this packing is to 
bed the broken stones firmlyin contact with one an- 
other. Care should be taken that all joining of the 
concrete be made in the most judicious manner, the 
layers breaking joint. The first layer, after setting, is 
to be brushed and wet before the fers layer is put in, 
and the surface of the top layer to be finished with a 
skim coat of mortar without stone, made level and even, 
ready to receive the masonry. 

The concrete must not be thrown into the trenches 
from a height, as is commonly recommended, for this 
has a tendency to disarrange the mixing, making the 
stones and heavy pieces go to the bottom, but must be 
deposited in the trenches as carefully as practicable, so 
that the entire mass after deposit is thoroughly and 
uniformly mixed. The entire concrete foundations 
when completed must be a thoroughly consolidated 
mass, without crack or flaw. 

The opening for the passage of the drain pipes under 





























Fie. 12. 


through the series without any weighing after the 
receipt of the bale, and produce laps of such regularity 
that the variation shall not exceed 4 ounces either way. 
Messrs. Taylor, Lang & Co. make the same claim. 








CONCRETE FOUNDATIONS. 


_ FounDATIONs for government buildings are almost 
invariably made of concrete. The materials are gener- 
ally purchased under advertisement and the mixing 
and laying performed by days’ labor under the direction 
of the superintendent of construction. The concrete is 
composed of cement, sand, and broken stone. 

The bids for each kind of material are to be made at 
arate per unit of quantity, and are considered sepa- 
rately. The quantities given in the specification are 
estimated ; the right to purchase more or less of the 
materials at the quoted rates is reserved. 

Cement.—The cement is to be delivered in barrels of 
three hundred pounds each, to be American cement 
freshly ground and equal in quality to the United 
States government brand, manufactured by the Stand- 
ard Cement Co., of Hartford, Conn. The above stand- 
ard has not been long established, and is not rigidly 
used in all cases, as several other cements are cheaper 
and good enough for the purposes required. The follow- 
ing cements, with the given average tensile strength 

rt square inch after immersion six days in water, have 

nm used in the past year: 


AVERAGE TENSILE STRENGTH PER SQUARE INCH. 


Milwaukee cement, 45 pounds. 
ewark cement, 40 pounds. 
Buffalo and Akron, O., cement, 54 pounds. 
Star and Black Diamond, Louisville, 116 pounds. 
ndale cement, 53 pounds. 
James River, Va., cement, 75 pounds. 
U. 8S. G. brand, Hartford, 8 days’ immersion, 230 
apd 1 day’s sore 105 aes aap 
more fine und cements, when mixed wit 
sand, will stand a hich “ 
bat the coarser cements stand the higher tests when 
Pure and without sand. 
all —The sand to be sharp, clean, and free from 
’ clay, earthy, vegetable, or other foreign sub- 


eanraken Stone.—The stones to be hard, durable, clean, 
broken to a size that will through a two inch 
diameter ring, and be in quailty, shape, and size suit- 
for concrete. Pebbles or smooth stones are seldom 
om as the cement more strongly adheres to the rough 
broken stones, 


igher test than the coarsely ground, | 





Fra. 138. 


the walls of the building is to be formed while the con- 
crete is being laid. For this purpose a glazed earthen- 
ware pipe, amply large for the passage of pipes, is put 
down, ery | through the entire width of concrete, 
which is to be thoroughly packed around and over the 
top of the pipe. 

Furnishing and Laying Concrete.—Where bids are 
received for furnishing materials and laying the con- 
crete foundations complete, the rate r cubic yard 
must be stated in the proposal, at which rate payment 
will be made for any additional concrete that may be 
required. If necessary, the contractor must furnish 
the necessary materials, and form the trenches with 
plank sheeting, and after the concrete is set, must 
fill in with earth, and pack solid to line of top of 
concrete. 

Measurement.—Concrete foundations are estimated 
by the cubic yard. The actual net cubic contents to 
be measured, but no deduction is made for passage of 
pipes ; each different width and depth to be measured 
separately, and not in the aggregate by taking an 
average depth. The constants u for estimating the 
quantities of materials and the cost per cubic yard of 
concrete are: 

Broken stone, 5 parts=1 cubic yard. 

Sand, 144 parts=0°33 cubic yard. 

Cement, 1 part=1°4 barrels. 

Water=23 gallons. 

Labor=0 375 X mason’s wages per day. 

By actual experiment, it is found that twoinch broken 
stones gently rammed contain forty per cent. of voids. 
This can be tested by filling a water tight box with 
stones, first drenched and drained, then pouring in 
water, and afterward measuring the water. This fort 
per cent. of voids must be filled with sand and cemen 
and some excess must be allowed for the absorption of 
cement by the stone, which will be more or less, accord- 
ing to the porosity of the stone, and on this account a 
porous stone may be better for some purposes (as the 
cement will take a better hold of it) than a harder one, 
provided it has the necessary crushing strength. The 
constants given were adopted after careful experiments 
and calculations, and are believed to be the best for 
alinost all pu . 

To estimate the cost of a cubie yard of concrete 
by the above constants, add to the cost of one 
cubic yard of broken stone the cost of thirty- 
three r cent. (033) of a cube yard of sand, one 
and four tenths (1°4) barrels of cement, and 
thirty-seven and one-half per cent. (0°375) of mason’s 


wages per day ; water is usually considered free, and 
need not be considered unless it costs the contractor 
something to furnish it, 





Cost.—The cost of cement can usually be obtained 
from the = market rates, which, of course, vary in 
different localities. The cheapest cement ever used by 
the government was the Syracuse cement at forty-nine 
and one-half éents per barrel ; the average cost of the 
other cements was from one dollar to one dollar and a 
quarter, except the Louisville and United States 
government cements, which cost from one dollar and 
ninety-five cents to two dollars and ten cents per barrel. 
The cost of sand varies a good deal. The prices paid 
for it per cubic yard in the last few years were, at— 
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The cost of broken stone per cube yard varies 
ly, as follows : 
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cubie yard for concrete materials fur- 


The cost ~ 
nished and laid complete was as follows : 


Minneapolis, Minn........... .+.-..05 «+: $6.00 
ON TAGE. seis re on pme ces 46s we bewene 6.50 
PE SE ecinannds 4 eon myavob ents arogeed 4.95 
SA TR Rooted ip-ebewonerncions a oed basbe 8.50 
Leavenworth, Kan... ..++.....ceeessee ee 2.75 
EE IR ca itls innit bie ynds wheres tt 3.50 
WOES Wayne, JOG... 0'0-0006 cicccsiescecceces 6.50 
BE. DOOR, FO, 00.0.0.055 vine cacoveevdsomeeds 4.00 
BA FP diet bidet otnntise cap 0d. crnesiniee Gneidee --. 654 
ps 5 Ere -»» 4.00 


—Jas. E. Blackwell, in American Architect. 








THE PANAMA CANAL. 


REVIEW OF THE FRENCH COMPANY, THE WORK 
ACCOMPLISHED, AND FUTURE PROSPECTS OF THIS 
GIGANTIC UNDERTAKING, BY A WELL KNOWN 
ENGINEER. 


WE have obtained from Frederick G. Corning, the 
distinguished engineer of this city, who has just re- 
turned from the isthmus, the following discussion of 
the canal subject. This topic is one of great interest, 
especially after the late conclusions regarding the 
Nicaragua route by the scientific congress lately in 
session here. 

The names of De Lesseps, Suez, and Panama, what- 
ever may prové to be the issue of the latter venture, 
will always remain great among the chapters in the 

rogress of civilization. To review the career of F. De 

seps and fully appreciate the vastness of his pro- 
jects is to become forcibly impressed with the man’s 
extraordinary genius as the projector of startling un- 
dertakings and his unsurpassed ability as a successful 
promoter. A broad view of his achievewents inspires 
a degree of admiration for this magnetic character only 
comparable with the intense interest felt throughout 
civilized countries regarding the success of his globe- 
remodeling projects and their important bearing on 
the interests of commerce and navigation. ore 
minutely scrutinized, however—passing, as it were, 
from the poetic to the prosaic side of this talented 
Frenchinan’s schemes—we meet with some disappoint- 
ment regarding the execution in detail and probable 
fate of his last great engineering and speculative under- 
taking at Panama. This concern for the future of the 
canal and for the prestige so long enjoyed by De Les- 
seps grows out of an impartial attitude toward the un- 
dertaking, in which the present condition of things on 
the Isthmus is contrasted with the original promises 
officially advertised by De Lesseps and his com on 

In the United States it has become almost fashion- 
able to ery down the Panama enterprise, and ridicule 
the efforts of the French company. It is hoped, how- 
ever, that this small contribution to the already volu- 
minous literature on the subject will not be taken as a 
blind indorsement of the many wmalicious adverse 
| opinions heretofore rendered. It is only intended to 
| be a compilation of the more important data affecting 
the success of the canal and asynopsis of the —— 
policy and management as observed on the isthmus 
and in Paris. 

In spite of the indifference shown by Americans 
regarding the success of this special company, the in- 
teroceanic canal problem has nevertheless long been a 
subject of deep interest in the United States. For, 
although we have not as yet, to any great extent, ac- 
tively participated in the construction of a canal, yet 
it is still fresh in the minds of the people that our gov- 
ernment at one time expended a very considerable sum 
of money in reconnaissance surveys and preliminary 
work with a view to determining from an engineering, 

raphical, and economical int of view the most 
easible route from the Atlantic to the Pacific. And 
when subsequently it appeared, as the result of careful 
estimates based on these accumulated data, that a suffi- 
cient amount of shipping could be relied upon to insure 
a volume of business for a canal through Central 
America to even justify an investment of at least double 
the amount of the cost of the Nicaragua route, the 
great attractions of a properly constructed canal to 
connect the two oceans by the most feasible line be- 
came manifest. At the same time our carefully and 
ably conducted investigations pointed strongly to the 
Nicaragua route as practically in all the pre- 
ferable one. In the face of all this it is not surprising 
that the French company’s choice of the Panama line 


should have incited a certain degree of adverse criticism 
and peaphecies 

of t orth. And now after quiet 
watching for six 
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the operations of the “Compagnie Universelle du | publie at various intervals through bulletins and 
Canal Interoceanique” are begiuning to realize the | annual reports, approximately as follows : 


correctness of the verdict of the United States scientists 





on the natural obstacles to the Panama route. At the | Interest on 250,000 bonds (5)........... - 6,235,000 fre. 

same time it is becoming apparent that our exploratory | [terest on 477,387 bonds (4%).... .. ... 9,547,740 frs. 

engineering work, which showed the impracticability | [nterest on 600,000 shares of stock (6%). ... 18,000,000 frs. 

of the Colon-Panama line, was more thoroughly and | 1aterest on 600,000 bonds (8%).... .....-- - 9,000,000 frs, 

intelligently executed, and the results more reliably | ——e See 18,764,000 frs. 
. j Saunt rid n ) ria ny 

made known to the public, than were the preliminary | pate a 9.000.000 frs. 


surveys and estimates of other countries. 

At the so-called “ International Congress, 
Paris in 1879, nominally for the purpose of discussing | 
and deciding upon the best of the five projected canal | 
routes submitted at that time, the Nicaragua route, | 
after some comparatively superficial comment, was, | 
with other plans, hastily set aside; and thereupon, 
in conformity with the wishes of Mr. De Lesseps, 
who substantially controlled the whole convention and | 
framed its resolutions, it was finally decided: ‘That | 
the cutting of an interoceanic canal at sea level was | 
feasible ; and that in order to secure the natural condi- 
tions essential to an undertaking of this character, it 
would be necessary to adopt the route from the Gulf | 
of Limon to the Bay of Poesee.” More particular 
reasons for the choice of this line were stated on this 
oceasion to be “the length of 45 miles,” that would re- 
quire but * one day for the passage.” Following along | 
in this impulsive, one-man policy, that may eventually 
culhuinate in serious reverses and disappointments to 
the De Lesseps following, as far as the dividend rate on 
the company’s ultimate capital is concerned, came along 
series of erratic announcements in the ** Bulletin Inter- | 
oceanique de Panama” the official organ of the com-| 
pany. Thus in the early “ circulaires ” and ‘‘ bulletins” 
issued the management constantly proclaimed itsability 
to cut and complete the entire canal for 600 millions frs., 
including expenses of every description and all fixed in- 
terest charges. For example, in an address by Mr. F. 
De Lesseps at the general meeting in January, 1881, we 
find, in his opinion, ** the sum of 600 millions (frs.) will be 
required toopen the Panama Canal to all classes of navi 
gation.” Andin a February bulletin, 1884, by the same 
recognized authority, ** The original estimate of the cost 
of the canal, namely, 1 milliard 70 millions (1,070,000,000 
frs.), has been reduced to 850 millions; and upon the 
late arrival of contractors at Panama, the total cost has 
been still further reduced to 600 millions, The one! 





” held in | Central administration. ........ 
| Minimum local administration, Panama, 


SSUES ee 1,500,000 frs. 
(1,100 salaried employes in June, 
eT tt errr ree eee 10,000,000 frs. 

For inspectors, engineers, opening new 
roads, repairs, hospitals, etc... 3,000,000 frs. 

80,046,740 frs. 


After the next loan or two shall have been placed, it 
is quite probable that the above general expenses will 
run closely to 100 millions yearly. Added to this ae 
count, it must be remembered, are the actual expenses 
of the machinery and the canal work proper—the ex- 
cavations now under contract—which latter, together 
with the general expense account, make up the entire 


General expense account...............+. 


| yearly outlay. 


The total material to be removed in eutting the canal 
appeared in July, 1885, to be finally estimated at 128,- 
000,000 cubic meters. By persons more familiar with 
the topography and surveys of the line than would be 
possible for one who has only paid four visits to the 
isthmus, it is claimed that this volume of 128 millions 
of cubic meters is a very considerable underestimate ; 
and that in this figure, as in most others, a serious in- 
crease will eventually be met with. But however this 
may prove, the sad fact remains that, up to May 1, 
1887, there had been excavated only a little over 36,000, - 
000 cubic meters of the grand total. Yet in the face of 
all these hard facts, which would appear to unavoidably 
retard the progress of the work, that sooner or later 
must come to the surface, it would appear that the 
company’s policy has been to foster self-deception re- 
garding the real state of affairsontheisthimus. In this 
connection we find in a September bulletin, 1886: 
‘The work done per man per day now exceeds 5 cubic 
meters.” Then again, in a January bulletin, 1887: 
“The army of 12,000 to 15,000 laborers on the isthmus 


= 
larly adjacent to the line workings; and now it has be. 
come so difficult to draw labor from Jamaica even at 
the advanced prices that it seems aimost impossible to 
secure the adequate force for the rapid advancement 
of the work. In the rainy season the interruptions are 
incessant, while night work is hardly entertained 
This climatic feature bas proved a drawback to the 
Panama route, as far as the rapidity and cost of con. 
struction are concerned, little calculated upon origin. 
ally ; but already it has entered into the account, qj. 
rectly and indirectly, to the extent of many millions of 
pounds sterling. 

This same fatal peculiarity of the narrow isthmus 
section in Colombia renders it difficult to see wherein 
lies the immense value of the company’s land grant 
already amounting to 500,000 hectares, gratuitously 
secured from the Colombian government in pursuance 
of a provision in the act of concession. Here again, in 
a May bulletin of this year, the vice-president, Mr 
Charles De Lesseps, refers discreetly to the prospective 
value of the land, stating: ** In addition to the revenue 
accruing from traffic, there are five hundred thousand 
hectares of land gratuitously granted by the Colombian 
government. How much these lands are worth | cannot 
determine ; but what Ido know is, that the lands at 
Port Said_and Suez are worth from 100 to 120 frs. per 
meter.” The Suez valuation here hinted at, applied to 
the Panama land grant, would lend a value to the 
latter of some 600,000,000,000 (600 milliards frs.). Even 
were this absurd comparison at all permissible, it 
would not indicate much of an asset, for it is plainly 
set forth in the Suez reports that the lands sold at 
Suez and Port Said in 1885 and 1886 collectively real- 
ized only about 670,000 frs. ($134,000). a 

But the threatening complications of the Panama 
company do not end with a diminution in the value of 
its land assets. Of far greater gravity are the old diffieul- 
ties involved in the complicated Chagres River diver. 
sions, the Gamboa regulating dam, and the great 
Culebra mountain cut. On aecount of the numerous 
windings of the erratic Chagres across the path of the 
canal, as also owing to the heavy double drainage of 
the country on either side toward the river (the latter 
following with the canal practically the same synclinal 
axis), it has become necessary to provide two separate 
diversions for the respective river bends, together with 
the corresponding tributaries on either side of the 











hundred million cubie meters to be exeavated will 
cost 500 millions, to which 100 millions are added for 
the general expense account.” About the same period a 
notice of similar import was circulated among the share- 
holders, by a large firm, to whom had been assigned a | 
considerable portion of the work, stating and indorsing | 
that: ‘Mr. De Lesseps announces that eight years 
will be sufficient for the completion of the work, 
and that the estimate of 512 millions is considerably in 
excess of the real cost.” Following these concise, busi- 
ness-like, official announcements, there appeared, about 
one yearand a half later, in the bulletin of August, 
1885, a report of the general meeting held in July, 18%5, 
with the following extraordinary piece of incongruous 
news: “Contracts having been entered into provid- 
ing for the completion of the canal to the bottom, we 
are now enabled to compute the further cost of finish- 
ing the same at 480 millions (frs.). This sum, added to 
the amount already spent, namely, 220 millions, gives 
700 millions as the total cost of the canal on the open- 
ingday. To this figure must be added the expenses 
of administration and interest charges, to make up the 
total estimate of 1 milliard and 70 millions (frs ).” 

The continued outpouring of dispatches of this 
character, proving the company’s calculations and 
official reports to be inexcusably inaccurate, could not 
but give rise to much unfavorable criticisin on the part 
of the United States, which the French attribute to 
jealousy. Already about 900 millions (frs.) have been 
sunk (realized from the marketing of various classes of 
securities whose aggregate face value is almost doubly 
as great), and, it may be said, without accomplishing 
much more than fairly starting the great work, now at 
the best not over one fourth completed. Up to the| 
end of December, 1885, the so-called general expense | 
account, above referred to, amounted to something | 
like 350,000,000 (frs.), and at this date cannot be far| 
from the alarming sum of 500,000,000 (frs.). Further- 
more, it is evident that should the company’s opera- | 
tions continue for six or eight years longer, which 
would seem to be the least time required to finish the | 
canal, these general expenses will swell to a sam close- | 
ly approximating 1 milliard (1,000,000,000 frs ) ; because | 





has the co-operation of machines representing an effect- 
ive power equivalent to nearly 600,000 men.” 

It is surprising, in view of the transparency of these 
absurdly exaggerated dispatches, that their object of 
sustaining the company’s credit should have been at 


all attained. The unsuspecting shareholder naturally 
concludes from such glowing accounts that the canal 
work is being vigorously pushed forward in accordance 
with the original assurances of the promoters, and 
quietly subscribes to new loans as fast as the oppor- 
tunities are presented. His enthusiasm is too great and 
his mathematics too limited to reflect that, with “six 
hundred thousand men” handling “five cubic meters 
per man per day,” the entire canal could be cut in less 
than two months. Again, the return to Paris of the 
Messrs. De Lesseps from Panama was the signal for 
some further authoritative utterances; and about this 
time we find an extract from one of Mr. De Lesseps’ an- 
nouncements published in the bulletins as follows: 
“After having exhaustively studied all technical 
questions and examined every foot of ground along the 
line, I consider it within the bounds of truth to say 
that in 1887 the seale of the work as well as the 
amount accomplished will be three times as great (that 
is, more than 3,000,000 cubic meters per month).” As 
near as can be ascertained, however, this year’s records 
do not show an average of much over 1,000,000 cubic 


| meters per month. 


The rapidity of the work, generally speaking, is 
regulated by the labor supply and the ability of the 
local management. or the contractors, to gradually in- 


| crease the working force, or at any rate to keep the 


same constant when once an adequate number of men 
has been secured. But their power to do this is in turn 
almost entirely dependent upon the ups and downs, 
the periods of relative salubrity and insalubrity, of the 
climate. The latter, without doubt, if not the greatest, 
is one of the most serious factors militating against the 
satisfactory, uniform progress of the work. With refer- 
ence to this subject, about two yearsago Mr. De Lesseps, 
with a promoter’s enthusiasm, was published in the 
bulletin as stating: ‘‘The mortality is lower than in 


any other excavations, not even excepting Europe.” | 


}eanal. By this means it is expected to prevent the 
Chagzgres from running along the canal bed for long dis- 
tances or from emptying into and repeatedly crossing 
the same back and forth. Thus in numerous places 
the work amounts to almost as much as three parallel 
canals, doubling, if not trebling, the cost of construe- 
tion ; and withal the occasional disturbances incident 
to the sudden freshets and rises so characteristic of this 
tropical region will probably not be fully eliminated. 
Probably no division of this immense work of alter- 
ing and regulating the natural drainage system of the 
isthinus remained longer obscured in uncertainty than 
the Gamboa dam, its feasibility, cost, and exact require- 
ments. As early as November, 1883, it was announced 
through the bulletins in Paris that ‘*the dam was very 
simple, and would cost eight millions.” But in 1886, 
after some three years of pondering over its simplicity, 
less favorable reports began to appear ; and, in a May 
bulletin of that year, the dam was announced to be 
“the greatest technical difficulty yet encountered.” 
About this time, according to the company’s annals, the 
| estimates of the cost of this piece of work jumped from 
eight to forty, and then to one hundred millions (frs.). 
But now the plan is tocontrol the drainage by the more 
| extended system of Chagres diversions in process of exca- 
| vation, which will materially reduce the enormous scale 
|and cost of the dam as originally designed. Hence this 
piece of work and the Culebra cut are now looked upon 
io. the most serious and costly divisions of the canal. 
With refereuce tothe latter, at the general meeting 1D 
| August, 1885, the Culebra mountain was qualified as 
“the culminating point and wost knotty problem. 
But it was officially reported that notwithstanding the 
j cut involved the removal of twenty-five millions of cubic 
| meters, the contractors were ‘ under agreement to finish 
| the canal through Culebra mountain and open the same 
| toall navigation by July 1, 18*9.” The February bulletin 
| of 1887, however, showed plainly that of the twenty-five 
| millions of cubic meters in the Culebra not much over 
| two millions had been removed, leaving, according to 
the company’s own statements, something like twenty- 
| three miilions yet to be handled in this job alone. 
These and similar exaggerations directly from the 





already they have reached the enormous sum of over| Notwithstanding, however, the opinion of one in a| management have inspired the frequent accusations 
80 millions (frs.) annually and must continue to increase | position to be familiar with the local climatic condi-| bad faith that have been made against the company. 
proportionately with the increase in the loan account, | tions, the incontestable fact remains that the canal | But notwithstanding the ambiguity and unwarrant 


the limit of which is not yet in sight. 

Some of the round sums of money which contribute | 
yearly to swell this ‘general expense account” are | 
interesting in the significance they bear to the ultimate 
outeome of this system of financiering in the event of | 
either a suspension of operations or a continuance of 
the actual work of construction beyond a certain limit- 
ed numberof years. They have been given to the 


happens to follow along one of the most unhealthy 
zones known on the planet, as proved by all statistics, 
personal observation, and in fact by the actual experi- 
ences of the company. Indeed, it is fully established 





| faced swindle,” as many have unjustly claimed. 
| Sanguine reports are rather to be construed as an effort 


| favorable character of many official reports, it does not 


necessarily follow that the whole enterprise is a ‘““bare- 
These 


that one of the first and greatest disappointments in| on the part of the directors to keep up the shareholders’ 


the company’s original calculations was the rapid 


wer ceeges by the price of labor in consequence of y 


extra risks involved in living on the isthmus, particu- 


spirits and sustain the company’s credit. Having oneé 
embarked in so formidable an undertaking, and subse 
quently discovered that much larger sums of money 





QoToBE 
= 
easily unde! 
ing tl 
anaide 
frow 

e work 
iollow iD} 
the he al 
90,000,000 cu 
duding som 
to the Caleb 


7, Numero 
ary moment 
foregoing. 

The magn 

t, and tl 
plicate and ! 
with the pro 

suspens 
the difficult, 

presume 

wal. Witl 
vermanent it 
tion (valued | 
oretically, t] 
more rapidly 
Bat this is tl 
delusive, for 
the complet 
branches alo 
tion has be 
from what h 

With refer 
number of y 
work, one f 


the existing 
safe a metho 
hold out) is 1 
eabic meter: 
9,000,000 cu 
(: 

4 

The latter { 
efficiency of 
This would ; 
soning appl 
work gives s 
Minimum ¢ 
forms of sect 
capital stoc 
to 1887 the s 
ed a nomin 
that were m: 
in ¢ash abot 
_ltmay be 
lgures, that 
calculations 


Canal ef 
The Pai 
abo: 


Now pr: 


Should in 
the canal n 
here stated, 
Nous may 
Yolving the 
Property. 
that “ Phe « 
Public servi 
mation of t} 
Construction 
authorized | 
ligenees be 

As the sh; 
Work shonk 
*xtension, j 

{ter either 
Will have th 

mn anc 
however ne 
finish it the 

In the even 


wi 
Itis pines. 


Princ 
fablie that 
in 








QoroBER 8, 1887. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 614. 


9809 











aa — - = a 
be required than originally anticipated, it is 
jy understood how difficult would be the task of 
ool i the shareholders’ interests and floating new 
qnaided by the infusion of a sangnine tone into 
from the seat of operations. ; ; 
work yet to be done may be roughly classified in 
the following six subdivisions : aa 
The canal excavation proper; a minimum of say 
wo 000 cubic meters (in all probability greater), in- 
aiuding something like 20,000,000 cubic meters falling 
to the Oalebra section. : : 

@ The completion of the Chagres diversions. 

3. The Gamboa dam (on reduced seale). 

4 The deviation of the Panama Railroad. 

5, The tarning out or passing basins. 

g. The Atlantic and Pacific approaches and the canal 
oerfemerous mniscellaneous improvements, of second- 
gymoment in point of cost as compared with the 
tones magnitude of the Panama undertaking is so 

t, and the unforeseen contingencies arising to com- 
plicate and retard the work have proven so numerous, 
with the probability in the future of at least a tempo- 

suspension of the company’s operations, owing to 
the difficulty in placing new loans, that it seems futile 
topresume to set a date for the inauguration of the 
anal. With the immense mechanical equipment and 
rmanent improvements already paid for and in opera- 
tion (valued at over 147,000,000 frs.), it would follow, the- 
oretically, that in the future the work must progress 
wore rapidly than in the first years of preparatory work. 
Bat this is the very point that has lately proved so 
delusive, for reasons already stated, although since 
the completion and working of the plant in all its 
branches along the line divisions, the work of excava- 
tion has become noticeably accelerated, though far 
from what had been expected. : 

With reference to the guesswork of determining the 
number of years that will still be required to finish the 
work, one formula is about as good as another under 





conceive how deep seated and long of duration would be 
the depression and mistrust in new undertakings that 
would follow so sad a failure of the present canal com- 
pany. Should, however, at such a crisis, the Freneh 
people show the same admirable perseverance and 
fortitude that have characterized their liberal invest- 
ments thus far, notwithstanding the increase in the 
amount of money required, it is quite possible, and 
sincerely to be hoped, that, after a scaling down of the 
capital and obligations of the old company, a liberal 
extension of time may be secured, and the government 
step in and complete the work of connecting the two 
oceans on a financial basis that will at least bring a fair 
return to a portion of the nation’s good money. 

This consideration suggests the all-important ques- 
tion of the earning power or incoming value of the canal 
and the equivalent average interest on the invested 
capital that ay be looked for when the work shall have 
been completed and the highway opened to the world. 
The point of momentous interest in financial circles is : 
Will the traffic be sufficiently large at the proposed 
tariff rate (15 frs. per ton) to yield a revenue that, after 
deduction of the expenses of maintenance and preser- 
vation (presumably unusually heavy, owing to the 
peculiarities of the climate), will still leave a fair interest 
on the total nominal capital? Officials in high stand- 
ing at Panama speak confidently of an annual traffic of 
10,000,000 tons, at 15 frs. per ton. And this appears to | 
be the accepted basis for the argument that even if the | 
capital swells eventually to 4,000,000,000 frs. (4 milliards), | 
the gross income will amount to 150,000,000 frs. or 33q per 
cent. (without allowance for running expenses, to be de- 
dueted herefrom). The more exact figures are embodied 
in one of the recent official reports of Senor Nicolas 
Taneo Armero, canal commissioner for the Colombian 
government, as follows: ‘* The committee on statistics 
of the International Congress calculates the tonnage 
that will pass the canal in 1889(!!) at something less 
then 7,000,000 tons. But in my later calculations, tak- 
ing into account the growth of commerce, the sum total 
comes nearer 9,000,000 than 7,000,000 tons, as is evi- 
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olize the Australian trade, while at Suez the avenge 
rate is now about 10 frs. avd ton. Then, too, in the 
matter of tonnage, everything indicates that a con- 
siderable reduction in the foregoing figures will, in all 
probability, be met with ; for it should be remembered 
that the traffic at Suez after some fifteen years grew 
only to 5,767,656 tons in 1886, notwithstanding all bril- 
liant predictions of a much larger volume of business. 
The Suez report for 1886 records 3,100 vessels, 5,767,656 
tons, from which the receipts were 54,771,076 frs. Added 
to this are receipts from passenger traffic amounting to 
1,714,115 frs., and revenue from miscellaneous sources 
of 313,093 frs., making the total gross income 56,798,285 
frs. for 1886. 

The economy in the principal lines of transportation 
to be afforded by the canal, expressed in ‘“milles ima- 
rins” of 1,852 meters, is complied from official sources 
as follows: * pre 








— — 








| | 

Via Cape| Via the oy 

Horn. Canal, Distance. 
London to San Francisco....| 13,795 | 8,135 5,660 
London to Honolulu. .. .... 13,915 | 9,556 4,359 
Liverpool to San Francisco, .| 13,678 | 7,897 5,781 
Le Havre to San Franciseo..| 13,627 | 7.949 5,678 
Bordeaux to Valparaiso. . 8,675 7,239 1,436 
New York to Valparaiso... . + 8,550 | 4,57 3,976 
New York to Panama........| 11,057 | 1,966 9,091 
New York to Callao. ........| 9.791 2.343 6,488 
New York to Guayaquil..... 10441 | 2,808 7,683 


New York to San Premises... 13,834 5,257 8,077 


A not over-conservative weighing of the available 
statistics bearing on these points, leaving out of account 
a probable competition at Nicaragua in the near fature, 
would indicate that in any event the Panama traffic at 





the existing circumstances. 


sfea method as any (assuming the company’s credit to | 


hold out) is to reason that if in five years forty million 
eabie meters have been dug, it will take, on a basis of 
#,000,000 cubic meters remaining to be cut, 

oe 

40,000,000 

The latter for the possible acceleration and increased 
eficiency of the work in the future over the past ratio. 
This would give about seven years more. A similar rea- 
‘ning applied to ascertain the probable cost of the 
work gives something near 2,325,000,000 frs. as the total 
mininum cash cost and 3,750,000,000 frs. in various 
forms of securities as the total ultimate capitalization 
(capital stock plus bonded debt) of the concern. Up 
to 1887 the securities issued by the company represent- 
él a nominal value of 1,500,000,000 frs. (114 milliard), 
that were marketed at rates which brought the treasury 
leash about 930,000,000 frs. 
_ltmay be interesting here to recall the company’s old 
‘gures, that show how far short were the most liberal 
calculations as to the amount of capital required. 


)xs years, less 40 per cent. 


Canal estimated to cost..........  1,070,000,000 
The Panama Railroad purchase, 

MRE 6c Gai-ubcacaeamgiodio’ soe 94,000,000 

: 1,164,000,000 

Now practically spent........... 930,000,000 

Balance margin........ Frs. 234,000,000 


snout in reality at the expiration of five years (1892) 
tanal not be finished, as indicated by the facts 
on stated, serious legal, if not political, complica- 
valet tay arise with the Colombian government, in- 
Ving the forfeiture of the company’s grant and 
tata, The act granting the concession provides 
public (oe f222l must be finished and thrown open for 
mein Service within 12 years from the date of the for- 
Pe of the company that shall have as object the 
pn ee of the canal. But the executive power is 
— to grant an extension of six years in case of 

Ae ~~ beyond human foresight.” 
work eeares of capital stock were issued in 1880, the 
ated ould be finished in or before 1892, or, with the 
i — if secured, in or before 1898 at the outside. 
vill “ne er of these dates the Colombian government 
cession e the rizht to foree the law and declare the con- 
wooo the canal forfeited without indemnity, 
finish named completion the work may be, to either 
In the ¢ elusel ves or dispose of it to another company. 
Pranee Vent of such a fatal issue, the millions lost to 
Isis peinene fall most heavily on the small investors. 
lie th, ipally this thrifty class of the great French 
rea tat has with unparalléled loyalty backed Mr. De 
i his Panama scheme ; and it is difficult to 





Perhaps as simple and | dent fromthe following abstract from the official statis 





tical table published in England : 
From Europe to American Pacific ports : 





eens ree 1,426,852 
nr re a 573,922 
IE on tv amie nnckeenmecatealade 360,000 
From other European countries to 
American Pacific ports................ 210,000 
PR inanaskcethinnnciaeees Tons 2,570,774 
European trade with Australia, Ocean- 
ica, Philippines, ete., that will pass 
tien Pinmaman Oemel .. occ cess cscece 2,696,754 


United States trade, excepting from 
San Francisco, with the same places, 
and also India, China, and Japan .. 1,619,440 

From the United States, Western coast, 
with the Eastern section, for Europe 
and Eastern American States. ....... 

Actual traffic per R.R. from Colon to 
Panama and vice versd.......... ... 


1,500,000 
262,497 


8,649,465 


‘* Moreover, a few years hence, when the canal shall 
be opened to commerce, the available annual tonnage 
will have reached 12,000,000 to 15,000,000 tons.” (!!) The 
bulletin of the company attempts to give more accurate 
figures regarding certain divisions of the traffic when it 
states that the trade from Antwerp that would have 
passed the canal in 1886, had the same been finished, 
may be taken at : 


eT CT 46,635 tons, 
Nir ng x cn atehnateas 5,919 tons. 
Cas dcket tae Reed Keknantaes 42,046 tons. 
Richins iswis, savianaianess 58,046 tons. 





152,646 tons. 


Furthermore, in the same year the trade between 
Antwerp and the United States rose to 1,029,037 tons, 
of which 100,000 tons fell to American Pacific ports. 
Hence 250,000 tons are a more accurate estimate of this 
—— line of traffic, included in the foregoing 
arge and more general estimate of Mr. N. T. Armero. 

By the very complicated nature of the subtile changes 
in the relations of navigation and commerce bound to be 
ealled into existence by the shorter lines of transporta- 
tion that will follow the opening of the canal, the ele- 
ment of conjecture must necessarily enter largely into 
all attempts to solve mathematically this all-important 
traffic problem. But, to say the least in opposition to 
the canal company’s figures, it is difficult to conceive 
how so high a rate as 15 frs. per ton can be consistently 


the start will fall considerably below present anticipa- 
tions ; while the 15 frs. rate appears too exorbitant to 
command the anticipated volume of business. Is it not 
more probable that the traffic will be about 5 willion 
tons at say 10 frs.a ton, waking 50,000,000 frs. as the 
revenue for the first year ; 7. e., about 144 per cent. on 
the probable cost of the canal ? 

Notwithstanding all rumors to the contrary, the work 
of excavation is being prosecuted at wore points and 
with a larger working force than has generally been 
acknowledged in the United States. As the work is now 
almost entirely under contract,it is extremely difficult to 
ascertain accurately the number of men actually employ- 
ed. The management claim between 15,000 and 18,000 
men, while special contractors do not estimate less than 
16,000. Under the efficient managewent of Mr. Pioch 
the company is learning at last to conduct its opera- 
tions with economy ; and the sums of money now spent 
are accomplishing relatively more than ever before. 
Setbacks are still caused occasionally by land slips, 
particularly in the rainy season. ut the Culebra 
mountain is not *‘ traveling into the canal on a bed of 
quicksand.” Nor is the bottom of the canal, through 
some unheard-of tropical phenomenon, rising up even 
with the old surface of the ground. 

The conclusion is, therefore, that while the canal 
can be built and operated with sufficient money, as far 
as overcoming all engineering difficulties is concerned, 
yet in the hands of the present corporation, and owing 
mainly to the impracticability of the route, the enter- 
prise has become handicapped in its infancy with an 
ever-increasing financial load, already of such formid- 
able proportions as tu threaten its credit and foreshadow 
a failure from a business point of view. 

Not the least interesting in a detailed criticism of the 
company’s internal affairs would be the unraveling of 
the contracts,sub-contracts, promoters’ and others’ com- 
mission interests that have swallowed up the large 
sums of money at Panama and in Paris. Bat this in- 
formation is, of course, inaccessible to outsiders. In- 
deed, nuch of the complicated network of letting, sub- 
letting, checking, and settling of contracts on the 
line will probably never be generally known, even to 
the insiders. It is said that according to the original 
agreements, the promoters are to be allowed 15 per 
cent. of the net profits of the canal. For the convenience 
of allotment and transactions among the numerous 
seep ogo in this-promoting commission, the interest 
was split into 9,000 shares; and these shares are re- 
ported to have once sold as high as 10,000 frs. apiece, 
and were quoted as late as May, 1887, at 3,000 frs. The 
latter price values the entire interest at 27,000,000 frs., 
while at 10,000 frs. a share (the highest price) the valua- 
tion was 90,000,000 frs. 

May the Panama canal, contrary to all present indi- 
cations, and the general opinion in the United States, 





maintained at Panama, if the canal intends to monop- 


turn out to be a kneey disappointment and an unex- 
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ted bonanza to the French people. May its credit 
So oumereed may it be finished with less money and 
in less time, and may the undertaking bring in‘greater 
returns to the original investors, than now appears pro- 
bable, thus once more defeating the skeptical and seor 


ing another victory at Panama for De Lesseps only | 


second to his well-earned triumph at Suez. No ulti 

mate result less auspicious will gratify the well wishes 

of all who appreciate the vastness of the undertaking. 
FREDERICK G. CORNING. 

Mills Building, New York. 


THE ELECTRIC LIGHTHOUSE ON THE ISLE 
OF MAY.* 
A. STEVENSON, 
M. Inst. C. E. 
THE lighthouse situated on the Isle of May, at 


the mouth of the Firth of Forth, has recently been 
lighted with electricity, and as this light, besides being, 


By Davip B.Se., F.R.S.E., 


the author believes, the most powerful in the world, | 


possesses several novel features, he has the pleasure of 
offering the following notes regarding it, trusting that 
they will prove of interest in connection with the visit 
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lies, an engine house, boiler house, chimney stalk, | 
workshop, coal store, ete. It was decided to place the 
whole of the new buildings and machinery near the| 
base of the island, and to lead the current up to the| 
tower by conductors. This decision was arrived at, | 
beeause it was considered that the fact of being able to 
place the engines close to the small natural fresh water | 
loch, situated 270 yards from the light and 175 ft. below 
it, from which fresh water for feed and condensing | 
purposes could be readily obtained, and also the saving 
which would be effected by not having to convey the 
fuel to the top of the island or to pump up water, | 
would compensate for the loss of energy due to such a} 
length of conductor; while the saving of the cost of 
carriage of the materials and machinery to the top of | 
the island, and of piping and pumping machinery, | 
would more than counterbalance the original cost of | 
the conduetors. The buildings were constructed in a} 
plain and substantial manner of fire-brick, built in 
Portland cement, and roofed with concrete and Val-de- 
Travers, carried on rolled beams and buckle plates. 
This part of the work was executed in an expeditious 
and satisfactory manner by the contractors, Messrs. 
Stratton, Edinburgh, notwithstanding the difficulty of 
getting materials taken to and landed on the island. 


|of them is sufficient to drive one machine, the 


age current of 220 amperes is developed, thus aunt 
an electrical energy of 8.800 watts or 11:7 hore, ding 
in the external circuit. The five rings are Power 
that one-fifth, two-fifths, three-fifths, four-ff¢ 
whole of the current of a machine can at leamn 
sent to the distributor for transmission to the ] re be 
and further, the two machines can be coupled, and a 
full current from both be employed. the 
Engines.—Fig. 2, ene-atehah fullsize. The 
are placed in the engine room, bolted down to 
crete foundations, and are driven through a Con. 
shaft by belting from the engines. There ant 
pair of horizontal surface condensing steam engine” 
each with two cylinders of 9 in. diameter and 
in. stroke, making 140 revolutions per minut 


+ ae oy e, 
each indicating 17°7 horse power with 40 |b, — 
pressure above atmosphere and 11 lb. vacuum To 
provide against accident or failure of water gy 


| they have been arranged so as to be capable of bein 


worked either condensing or non-condensing, ithe 
engine being idle ; or the two can be used together for 
driving both machines in thick weather. The g 

both cylinders is regulated by an equilibrium throttle 
valve, which is controlled by a high speed governor 


Generators.—\t was originally intended by Messrs. 


to be made to the lighthouse on the occasion of the} 
Stevenson to use the Brush compound-wound Victoria 


present meeting. 


Previous Lighting.—The Isle of May was originally | dynamo, giving a continuous current, and supplying a | 


lighted in 1636 with an open coal fire. In 1816 the com- 


single automatically-fed are lamp, with the positive 
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missioners of northern lighthouses, having previously | carbon below. 


purchased the island, with the right to levy tolls for | 
the lighthouse, altered the light to Argand lamps with 
silvered parabolic reflectors. In 1836 it was converted 
to the dioptric system, with a first order fixed light 
apparatus and a four-wick burner; on the Ist Decem 
ber, 1886. the eleetric light was substituted, and shown 
in connection with a dioptric condensing apparatus. 
For the last fifteen years, the commissioners of northern 
lighthouses, acting under the advice of their engineers, | 
Messrs, Stevenson, had been anxious to establish an 
electric light on the Seottish coast, but it was not till 
1883 that the board of trade were able to sanction the 
expenditure, and suggested its introduction at the Isle 
of May on the ground that *‘ there was no more impor- 
tant station on the Scottish shores, whether considered 
as a landfall, asa light for the guidance of the extensive 
or important trade of the neighboring coast, or asa 
light to lead intothe refuge harbor of the Forth.” 
Notwithstanding the difficult access and isolated posi 
tion of the Isle of May, distant five miles from the 
Fife shore, which is the nearest land, it was resolved to 
accept the view of the board of trade, and to intro 
duee the electrie light there. The necessary plans aud 
specifications were accordingly prepared by Messrs. 
Stevenson, and the works, begun in June, 1885, were | 
completed and the new light installed by Ist December, 


Site.—Fig. 1. The existing establishment consisted of 
a lighthouse tower with accommodation for three 
keepers, placed on the summit of the island ; and the 
additional buildings which it was necessary to provide | 
were dwellings for three more keepers with their fami 


* Paper read at the Institution of Mechanical Engineers, at Edinburgh. 











This system was selected as being at 
once cheaper and as giving a stronger light power for 
the engine power applied than the magneto-electric 
machines, which had hitherto, with success at least, 
been exclusively used in lighthouses. The placing of 
the positive carbon below was adopted in order that 
the strongest light might be thrown upward, so as to 
be dealt with by the upper part of the dioptric appara- 
tus, and thus be more effectively utilized. The Brush 
company at once set to work to produce a lamp of the 
above description, giving with a current of 100 amperes 
and 70 volts a light of 30,000 candle power in a hori- 


zontal line, steady and suitable for burning in a light- | 


house. This unfortunately they were unable to ac- 
complish, even after numerous trials; and at last, as 
the buildings on the island were nearly completed and 
it became necessary at once to procure reliable appara- 
tus, recourse was had to the more expensive alternate 
current machines of De Meritens, which though not so 
powerful, are admirably steady in working, and had 
given excellent results in several lighthouses and also 
at the South Foreland experiments. 
at the Isle of May are two of De Meritens’ alternate 
current magneto-electrie machines of the L type, and 
are of the largest size hitherto constructed, weighing 
about 444 tons each. The induction arrangement of 
each machine consists of five sets of twelve permanent 
magnets, sixty in all; and each magnet is made up of 
eight steel plates. The armature, 2 ft. 6 in. diameter, 
is composed of five rings with twenty-four bobbins in 
each, arranged in groups of four in tension and six in 
quantity. It makes 600 revolutions per minute. With 


the circuit open, each machine develops an electromo- | 


tive force of 80 volts, measured at the distributor ; and 


with the circuit closed through an arc, 40 volts. An aver- | 





































































































The generators | 


adjusted for the engine torun at the normal speed of 
| 140 revolutions per minute. Single in place 

I g place of com. 
pound engines were adopted, because they are 
complicated and better suited for the less skilled ap 
tendance of ordinary light keepers. Probably alg 
greater regularity in driving has thus been seey 
which is, of course, a matter of the greatest importanes 
in electric lighting, especially where, as in this 
there is only a single are lamp in the circuit forming the 
resistance. The result has been eminently satisfactory ; 
and the engines, which were built by Messrs. Ump . 
stone of Leith, are a most excellent piece of work. 

Boilers.—There are two steam boilers, of which only 
one is in use at a time, the other being spare. Each jg 
20 ft. long and 5 ft. 6 in. diameter, with one furnage 
| flue 3 ft. diameter and 8 ft. long, having six cross Gallo 
way water tubes. The shells.are of best 34 in. ste} 
| plates, with the longitudinal joints double riveted. 
and they were tested up to 1101b. per square inch, the 
working pressure being 401b. The feed is principally 
| rain water collected from the roofs and the pavement 
of the court ; but water can, if required, be taken from 
the small loch, which is also used for condensing pur 
poses. The coal consumption is 1 ewt. per hour of 
lighting, which includes banking the fires during the 
day. 

Conductors.—The current generated in the engine 
room is conveyed to the lantern by leads, which con 
sist of copper rods of 25 mm. or lin. diameter, covered 
with a double waterproof wrapper. This is the first 
time that copper rods have been used for conducting 
the current for lighthouse illumination. They arecon 
structed in 14 ft. lengths, the joints being formed with 
a zigzag scarf screwed up tightly by gun metal cor 
pling boxes with four boltsineach. They are carried by 
timber bearers, placed in a groove made for them in 
the side of a concrete wall running from the engine 
room to the tower. The total distance to the lantem 
is 880 ft. Several bends are introduced to allow for ex 
}pansion and contraction due to changes of temper 
ature. The loss in the leads was expected not to ex 
ceed one-sixth of the total energy generated ; but it is 
considerably more than this, aiounting to at least one 
fifth. It is hoped, however, that an improvewent will 
yet be made in this particular. 

Lamps.—The lamps, of which there are three, one in 
use and two spare, are of the Serrin-Berjot type, with 
some modifications, notably the shunt or by-pass, first 
introduced in the South Foreland experiments on the 
suggestion of Dr. Hopkinson, whereby a large percent- 
age of the current goes direct to the lower carbon, and 
only an amount sufficient to regulate the carbons is 
passed through the lamp. This is a great improve 
ment, and prevents injury to the lamp from heating. 
The weak point about it, in the lamps sent to the Isle 
of May, was that the contact between the lower carbon 
holder and the by-pass, being necessarily a sliding 
contact, was effected by copper wire brushes, and these 
were found to wear out rapidly. On the suggestion 
of Mr. Munro, the engineer in charge of the station, 4 
simple form of mercury contact has been substituted 
|and works quite satisfactorily. ‘ 

Carbons.—The carbons in use are 40 mm. or 16in. 
diameter, but if desired 50 mm. or 2 in. carbons can_be 
used when both machines arerunning. They are Sie 
mens make, and have a soft central core of pure gr& 
phite, which has the effect of causing them to burn with 
greater regularity and steadiness than they otherwise 
would, and prevents a crater from forming and remall- 
ing at one side. The rate of consumption of the 40 mm. 
earbons is 14 in. per hour, or 2in. including waste. 
The power of the are is estimated at 12,000 to 16,00 
| candles, when one machine only is running. ; 

Dioptric Apparatus.—Figs. 3 and 4, half full size 
| The dioptric apparatus, which was manufactured from 
Messrs. Stevensons’ designs by Messrs. Chance, 
Birmingham, is of a novel description, the condensing 
principle being carried further than in any apparatus 
previously constructed. The principle consists 
darkening certain sectors by diverting the light from 
them, and throwing it into the adjoining sectors 80 4% 
to re-enforce their light. Thus the power of the light is 
increased in proportion as the dark are is increas 
The light gives four flashes in quick succession every 
half minute ; and during the bright periods the é 
| of this concentration of the rays is that the light radi- 
| ating naturally from the focus is increased in power fif- 
teen times in azimuth in addition to the vertical com 
densation, excepting, of course, the loss due to reflec 
tion and absorption. The apparatus which effects 
this result is a second order fixed light apparatus 
1,400 mm. or 55 in. diameter, which operates 0D | 
rays in the vertical plane. Outside of this there 18 4 
revolving cage of straight vertical prisms, extending 
the full height of the fixed apparatus, or 5} ft., al 
composed of two panels on opposite sides of the —_ 
each operating in the horizontal plane on 180° oft 
light coming from the fixed apparatus, in such & — 
as to condense the whole 180° into four flashes of 
each—that is, 45° into 3°, with the proper intervals © 
darkness between them. «This cage of glasswork % 
caused to make one complete revolution every mnu 











Fie. 2.—SECTION OF ENGINE ROOM. 





round the fixed apparatus, thereby | ar ere The 
characteristic of four flashes every half minute. 
fixed light apparatus is not of the ordinary 
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pat has the refracting portion confined to an 
ection. 10", the upper and lower reflecting prisms be- 
angie vied nearer tothe focal plane. This design, al- 
i involving the loss of some light, facilitated 
rboagh n of the late Mr. Thomas Stevenson's pro- 
the dipping lights in fog, so as to be able to direct 
ee ngett part of the light to the horizon in clear 
the and in fog to a point only three to five miles 
- Such a change could be most easily produced 
simply raising and lowering the level of the radiant 
wee apparatus; but there was a difficulty in doing so 
s ordinary optical apparatus, inasmuch as, when 
ition of the radiant was altered, the rays from 
reflecting prisms, above and below the refractor, 
d be sent in an opposite direction to those coming 
from the refractor. his form of the fixed-light ap- 
paratus Was also specially necessary at the time the 
tus was designed, because it was then intended, 
qgalready mentioned, to use a continuous current ma- 
ine with the positive carbon below; and consequently 
thestrongest part of the light would have been dealt with 
py the upper reflecting prisms. By making the appa- 
‘ns almost entirely of totally reflecting prisms, in- 
of refracting and reflecting combined, all the 

‘ems act in the same way, so that by lowering the 
ndiant the whole of the light from every part of the 
apparatus can be dipped simultaneously to any re- 
quired extent, with the exception of a small piece in 
thecenter, Which is left a refractor, and which will send 
jight to the horizon when the other part of the appa- 
atas is dipped. In clear weather the three upper 
igns send their light from 44° above the horizon to 
» below it; the rest of the upper prisms and all the 
iower ones send their light to the horizon, and the re- 
fneting portion from 3° to 5° below the horizon. The 
dipping of the light during fog has not yet been used, 
bat as soon as the light an who, with the excep- 
tion of the engineer, were the ordinary keepers in tlie 


the 


HORIZONTAL SECTION THROUGH FOCAL PLANE. 
THE ELECTRIC 


ervice, and knew nothing of electric lighting, have be- 
‘ome thoroughly familiar with their duties, it is intend- 
*dto introduce it, and probably in the same way to em- 
Ezalees powerful current, and say 25 mm. or 1 in. car- 
in very clear weather, while both machines, with 
im. or2in. carbons, will be used in very thick 
Weather. 
lamp Changing and Revolving Arrangements.—Fig. 
‘ Standing in the center of the light room is a circu- 
arcase, 5 ft. 8 in. diameter and 5 ft. 4in. high, formed 
feast iron pilasters filled in between with glazed doors. 
| of this case carries the fixed light apparatus, 
“ well as a steel roller path 5ft. 10 in. diameter, on 
vhich the carriage supporting the cage of vertical 
Prisins travels on twelve steel rollers. The top of the 
re also serves as the service table, on which the elee- 
ee stands when in focus. Access to the interior 
the apparatus and to the lamp is obtained from the 
nside of the case, through a trap in the top of it. 
: difficulty was experienced in devising a suitable 
Ystem of readily substituting one.lamp for another, 
dune may be desired to change them, or in the event 
one iu focus going wrong. The difficulty arose 
the necessity of keeping the spare lamp out of the 
ates entirely, so as to prevent its interfering 
i — light emanating from the lamp in use, as the 
a Shows all round the horizon. The change is ac- 
Plished by means of an arrangement of rails, and 
posh a tables or shunt tables, on which the lamps 
tables, Teely run, and which are placed on the service 
tad One of these is in the center of the apparatus, 
one is on a trap door, working vertically in guides 
bra panterbalanced, in the manner of a hoist, where- 
amp can be lowered from the level of the top of 
nee? the floor of the light room. Here the lamp 
i aie received on rails, on which it can be convenient- 
nontt of the case, to be recarboned and adjusted. 
Way a lamp can be raised from the floor of the 











drawn on to one of the turn tables and the fresh lamp 
run into focus, the original lamp shunted on the hoist 
and lowered out of the apparatus, all in about eight 
seconds. A three-wick paraffine oil lamp is kept trim- 
med and ready for use, in case of a failure of the electric 
current, and it can be lighted and put in focus in about 
three minutes. Within the case, and placed at one 
side of it, is a train of wheelwork, actuated by a weight 
with a fall of 60 ft. down the center of the tower. This 
machine drives the revolving cage of vertical prisms by 
a shaft which passes up through the top of the case, 
with a pinion working in an internal wheel of 4 ft. 104% 
in. diameter secured to the carriage of the cage. This 
machine is carefully boxed in, to prevent the dust from 
the incandescent carbons finding its way into the bear- 
ings, whereby great trouble has been caused at various 
lighthouses. 

Power of Light.—The resulting beam of light from 
this apparatus is about 3,000,000 candles when one ma- 
chine is in use, and with both machines 6,000,000 ; that 
is, about 300 and 600 times more powerful than the old 
fixed oil light. When the three wick oil lamp is put 
in the focus of this apparatus, the emergent beam is 
more powerful than the old fixed oil light with a four 
wick lamp, which was 9,446 candles. The light has been 
picked up and recognized by sailors at forty and fifty 
iniles off, by the flashes illuminating the clouds over- 
head, although the geographical range of the light is 
only twenty-two miles. The engine room is connected 
by telephone with the light. room; and the houses of 
the keepers are connected by air whistles or electric 
bells with either the light room or the engine room. 
Men Employed.—The establishment consists of an 

engineer, four keepers, and an occasional or auxiliary 
| keeper. The engineer, who is responsible for the 
management of the station, does not take a regular 
' watch, but visits the engine room and light room occa- 








Vil 


LIGHT ON THE ISLE OF 


sionally during the night. Two of the keepers attend 
to the light room duty and two have charge of the en- 
gines and boilers, relieving each other in regular 
watches. The auxiliary keeper does any odd duties, 
such as carting fuel, etec.; and in the event of any of 
the others being ill, takes his place. Since the light 
was first exhibited, the machinery and electrical ap- 
pliances have worked without a hitch, and recourse 
to the oil lamp has been unnecessary. This is the 
more gratifying when it is remembered that the men 
in charge, with the exception of the engineer, were new 
to the work, and that the light was started at a period 
of the year when the hours of lighting were longest, 
namely, sixteen hours. 

Cost.—The new buildings, engines, electric machines, 
lamps, ete., have cost £15,835 ; and the buildings, lan- 
terns, etc., previously on the island, which have been 
utilized, may be valued at £6,600. Thus the total cost 
of the installation may be taken at £22,435; and the 
cost of maintenance will not exceed £1,050 per annum. 
These figures are very moderate, considering the great 
power of the light and the isolated position of the 
lighthouse. To compare the cost of this installation 
with what it would have been if oil were the illuminant, 
there must be added to the above £6,600 for buildings, 
a sum of £2,925 for the cost of the apparatus and ma- 
chine, ete., making a total of £9,525, while the cost of 
maintenance would have been £330 per annum. Tak- 
ing these figures, and adding to the maintenance 34% 
per cent. on the original outlay, it is found that while 
the oil light would cost 349s. per hour, and 0 00017d. 
per candle power per hour, the electric light costs 9°66s. 
per hour, or two and three quarter times more, and 
0°000038d. per candle power, or less than one quarter 
of what the oil light would cost per candle power. 
This is taking the electric light power of one machine. 
Surprise has frequently been expressed by masters of 


light room into the apparatus, the lamp in focus with- | 
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vessels, and by residents on the neighboring shores 





who live in view of the Isle of May light, that this 
light, which is so extremely brilliant in clear weather 
as to cast shadows at a distance of ten and fifteen miles, 
is so cut down by fog that some even go the length 
|of believing the old oil light was better in fog. All 
| who have experience of the electric light are quite pre- 
| pared for the first of this statement, while the 
| last, it need hardly said, is a mistake, inasmuch 
jas the electric are has been proved, both by experi- 
ment in natural and artificial fog, and also by observa- 
| tions on existing lighthouses lighted by electricity, to 

in all circumstances of weather the most penetrat- 
ing. Every night at 12 0’clock the lightkeepers at St. 
Abbs Head, 22 miles distant, where there is a first order 
flashing light and one of the most powerful oil lights 
in the service, observe the Isle of May light, while the 
keepers there also observe the St. Abbs Head light. 
The result of the last five months’ observations is that 
the Isle of May light is seen one-third oftener from St. 
Abbs Head than the St. A-bs Head light is seen from 
the Isle of May. It is perfectly true, however, that 
the superiority which is so apparent in clear and rainy 
weather is very much reduced in hazy weather, and 
practically disappears in very dense fog. Looking to 
this fact, and to the large first cost and annual mainte- 
nance, the author feels that the conclusion arrived at 
by the Trinity House is sound. that electricity should 
be used only for important landfall lights. 

If, however, the most powerful light is desired inde- 
pendently of cost, then the electric are has uo rival. 
And if the further expense is to be incurred of intro- 
ducing biform, triform, quadriform, or even double 
quadriform lights, then the electric light is better 
adapted than any other illuminant, because, on ac- 
count of its focal compactness and other properties, it 
can be so dealt with by suitably designed dioptric ap- 
paratus that the whole light evolved is effectual 
utilized. This is not the case with the large gas or oil 
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flames generally used in the multiform system, in 
which for this and other reasons a considerable loss of 
light isineurred. Moreover, the coolness of the electric 
are renders multiform lights really practicable with 
electricity, which can hardly be aie to be the case 
either with gas or oil. 

Hyper-radiant Apparatus.—In the author's opinion, 
however, it is only in very exceptional cases indeed 
that electricity should be used ; and he considers that 
a single oil or gas burner placed in the focus of a pro- 
portionately sized dioptric apparatus is sufficient for 
the generality of cases; and that any additional out- 
lay which can be permitted should be expended in 
establishing a powerful sound signal to be used during 
fog when the light is obscured and when for all prac- 
tical purposes even the electric light itself would also 
be obscured. This is specially the case since the 
introduction, on Messrs. Stevensons’ suggestion, of 
hyper-radiant apparatus suited for use with burners of 
large diameter. As the result of experiments made in 
Edinburgh in 1869, they pointed out that the effective- 
ness of the large Wigham burner was toa great extent 
lost in revolving apparatus, because much of the light 
was ex-focal. year or two ago, when the Commis- 
sioners of Northern Lighthouses resolved to increase 
the size of the burners in some of their lights, an ex- 
perimental lens of 1,330 mm. or 523g in. focal distance, 
designed by their engineers, was constructed by Messrs. 
Barbier and Fenestre, and by the courtesy of the 
Trinity House was fully experimented upon at the 
South Foreland, on the termination of the experiments 
conducted there with electricity, gas, and oil. From 
experiments made by Sir James Douglass and the 
author, and from photometric observations by Mr. 
Harold Dixon, the expectations of Messrs. Stevenson 
were fully borne out, and the following conclusions 
seem warranted: That a single burner, shown ina 
complete panel of a revolving apparatus of the hyper- 
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region. An important 1? exploration, about the 
same time, was wade by M. Jacques De Brazza, brother 
form, and would be of equal power to triform ; while|of the eminent traveler, to the north and east of the 
the consumption of oil or gas would be one-half or one-| French stations on the river Ogowe, undertaken soon 
third respectively. Moreover, all the disadvantages of | after Mr. Grenfell’s rey of the magnitude of the 
superposed lenses, including excessive heat in the light | Mobangi, and apparently with the object of ascertain- 
room, difficulty in the management of the burners, and | ing whether that great river flowed within the French 
obstruction of light by the necessary ventilating tubes, | boundary as fixed at the Berlin conference. After a 
would beavoided. The result of the above experiments | journey of a month’s duration through dense forests, 
has so conclusively established the advantages of the|M. De Brazza emerged on an open plain, through 
hyper-radiant apparatus that the American Light-| which flowed, not the Mobangi, but the Sekoli, an in- 
house Board have since ordered a complete —— | dependent tributary of the Congo lying far to the west- 
of this kind; while the Trinity House and the Irish| ward. After a fruitless attempt had been made to 
Lighthouse Board have adopted this size of lens recent-| penetrate beyond this river, his wag built canoes and 
ly ordered by them on Mr. Wigham’s biform prin-| descended the Sekoli to its mouth. 
ciple. It has been er announced that by arbitration 
1as been extended a little farther 
to the east than fixed by the Berlin conference, so as 

Art leareare inactinn ef the Revel Geeasenh-|** include the right bank of the Mobangi. A complete 
x = Slater, hnahdom thew O° tha? Ghemenea th etenahe ‘land very useful resumé of all the geographical work 
th ae id . del ~ oe pee ir — Geom inka <4 | accomplished by recent French explorers in the Ogowe- 
the vice president, delivered! an address, 2 | Congo region, by Major De Lannoy De Bissy, was con- 
take the following extracts : | tributed to our proceedings for December last, illus- 
The attention of geographers during the year, as far} trated by a map reduced from the French surveys. 
as regards Africa, has been chiefly directed to the basin| Public interest has recently been directed toward 
of the Congo, where many explorers, of various nation-|the region north of the Congo, and the practicable 
alities, have been employed in exploring and surveying / routes it may offer to the Niam-Niam countries and 
the numerous streams which combine to make the| the Egyptian Soudan, in consequence of the dispatch 
Congo one of the greatest fluvial systems of the world. | of the expedition under Mr. Stanley, for the relief and 
Other explorers have been engaged in the same region rescue of Emin Bey, which has adopted the Congo 
in examining into its economical and prospective com: | route to the Upper Nile in preference to the more di- 
mercial resources, but at present without definite re-| rect and shorter route inland from Zanzibar. A paper | 
sults, An excellent summary of the geographical work giving a resuiné of all published information regarding | 
done in the Congo region up to the middle of last year | this region was recently read . eat by our accom. | 
was given to the society in this hall, in June last, by, plished young colleague, Mr. J. T. ills. Sinee then, | 
Sir Francis De Winton, who had then recently returned | you have had before you the greatest of all travelers in 
from his two years’ administration of the country. The| this little known region, Dr. Junker, and heard his | 
most important of the new explorations he described | own account of his six years’ explorations. The wide 
was that of Lieut. Wissmmann and bis party, who had | open plain couutry lying between the Congo and the 
embarked on the upper waters of the Kassai River, | Nile, which Dr. Junker deseribed to us, is watered by 
near the part made known to us by Livingstone and | numerous streams, the chief of which, the Welle-Makua, 
Cameron, and navigated it to its Junction with the| flows westerly in the direction of the Upper Mobangi, 
Congo. Since then Dr. Wolff, one of Wissinann’s com- and judging from Dr. Junker’s maps, it is difficult to 
panions, has explored the Sankuru, a large northern | dispute his conclusion, in which Mr. Wills agrees, that 
tributary of the Kassai, and found it navigable for a| the two rivers are the same. 
long distance. One result of this latter exploration is | Other geographers believe that the Welle-Makua be- 
to show that another navigable river of the farinterior, | longs tothe Shari system and flows into Lake Chad. 
the Lomami, enters the Sankuru from the northeast, | The alternative offers one of those problems in which 
aud that it is a distinct river from the Lomami of Cam- speculative geographers seem to delight ; but in this 
eron, recently ascended by Grenfell,which enters the | case it will not be long before a solution is arrived at in 
Congo near Stanley Falls. the only satisfactory way—namely, by actual explora- 

The direction which the Kassai takes—in a long|tion. Meantime we learn, by the latest news from the 
curve, from southeast to west-northwest—causes it to| Congo, that Mr. Stanley has chosen to adopt a some- 
be the recipient of nearly all the drainage of the south- | what more direct route to Emin Pasha than that first 
ern half of the Congo basin, and near its junction with | proposed—namely, from the Congo near Stanley Falls 
the main stream it adds toits volume the waters of | by land to the shores of the Albert Nvanza. 
another great tributary, the Quango, besides the Mfini,; Two more journeys across the continent have been 
from a chain of oe —_ vy ee — eo — nora oe a — a. yar ie ~ ye 
waters are poured into the Congo through the Kwa, | year. ne by M. Gleerup, a Swedish officer, formerly 
which, according to Mr. Grenfell’s measurement, is|in the service of the Congo State, who crossed from 
contracted in its passage through a range of low hills, | Stanley Fallsto Zanzibar, and the other by the expe- 
and at its mouth is only 700 yards wide (a little higher | rienced traveler and geologist, Dr. Oscar Lenz, who 
up only 450 yards); the depth of the swiftly flowing | undertook, in 1885, an expedition for the purpose of 
stream Mr. Grenfell was unable to ascertain, as no| reaching Dr. Junker and Emin Pasha ria the Congo. 
bottom was touched with a line 120 feet long. Reaching Stanley Fallsin February, 1886, Dr. Lenz was 

The prospective value to the Congo State of the | unable to obtain men from the Arab traders there to 
Kassai, with its immense mileage of navigable waters | accompany him on the march through the unknown 
flowing through fertile plains, is acknowledged on all | country between that point and the Upper Nile, and 
hands. Already stations have been founded on its| proceeded to Ujiji in the hope of meeting with better 
—— -_ Portuguese es are —a ry hen tae ee — Neg tne =~ a —_ 
discovered river youte in preference to their old inland | ern side of Lake Langanyika, 1e disturbed state o 
road into the interior from Loanda. It has been dur-, the country and the excitement in Uganda made this 
ing the past few months q——> reascended by | impossible, and he took the Tanganyika and Nyassa 
river steamers; once by Sir Francis De Winton him- | route to the Indian Ocean, emerging at the Portuguese 
self. : settlement of Quillimane. 

Equal in importance and extent have been the ex-| Further south, Dr. Hans Schinz, a learned botanist 
plorations and surveys along the main river and many of | and ethnologist, has been exploring with fruitful results 
its tributaries carried out by Mr. Grenfell. The chief of | the region between the Kunene and Lake Ngami. 
these explorations were noticed by the Marquis of| On the eastern side of the continent our society is 
Lorne in the address of last year; and a brief general | especially interested in the expedition of Mr. J. T. Last, 
account of his surveys was given, together with a re-| who was commissioned by us in the summer of 18%5 to 
— of ~~ —— — of —e —- in oe —— to or — gga ate ore i the 
October number of our proceedings. Since then Mr. mbesi, and follow up the work of Mr. O'Neill by ex- 
Grenfell has added to his achievements the ascent of! ploring the Namuli Hills and the Lukugu Valley. We 
the unknown portion of the Quango between _ its} hear by recent telegram of his safe arrival at Zanzibar, 
junction with the Kassai (or Kwa)and the Falls of | and may shortly expect bim home to give us in person 
Kikunji, which latter was the farthest point, coming | an account of his journey. The letters which we have 
down river, reached by a former traveler, Von Me-| received from him from time to time have informed us 
chow. |}that he has carried out his programme, though he 

Other considerable additions have been made to our | found the summit of the Namuli Hills inaccessible, and, 
knowledge of the Congo region by Lieuts. Kund and |in addition, traversed the whole region a second time, 
Jae 9 ay rg meuniere of oe saaeten pain [oetiing tate iw maori Seen Sanne, and emerg- 
out in xy the German Africav Association. 1ese | ing at Ibo on the Mozambique coast. 
courageous travelers, instead of following the courses of} Count Pfeil, one of the most active of the pioneers in 
the rivers like others, and gleaning information only of | the newly acquired German Protectorate of Eastern 
the country and people along the banks, struck across Tropical Africa, published last year an account of his 
the country, first from Stanley Pool to the south, and| two journeys in Khutu and in the neighboring region, 
thence toward the east, crossing in succession all the | a country previously known to us only through Thom- 
southern tributaries, from the Quango inclusive to the son’s expedition to the Central African Lakes. Some 
mee eo meme wy pe nen a -_ a —_ knowledge ve the er < this 
ous march of about miles. Another member of the} part of the African interior have resulted from Count 
same expedition, Dr. Buttner, made alsoa land journey, | Preil's labors, the most interesting of which is the dis- 
of less extent, but not less interest. Starting from|covery of the main stream of the Ulanga, or upper 
San Salvador, the old capital of the Congo, he traveled | course of the Rufigi, a river which this explorer claims 
eastward and crossed the Quango, reaching the capital | to be of some importance, and which he navigated in a 
of a negro potentate named Kasongo, whence he struck | boat for upward of 150 miles. 
northward to the main Congo above Stanley Pool. The unsuccessful attempt of the experienced African 
Much valuable information regarding the configuration | traveler Dr. Fischer to carry succor to Dr. Junker in 
of the country and the ethnology and products of the | 1885-86, a mission with which he was charged by that 
interior was obtained on these two journeys. We learn, | traveler's family, would have excited great interest in 
for example, that the whole western section, toa dis-|the earlier days—not long past—of Central African 
tance of some 400 miles inland, is a hilly country cut up| travel. The route he took led for several hundred 
by deep valleys, to which succeeds, further inland, a| miles through a totally unexplored country, namely, 
wide stretch of undulating plains, wooded only along| from the Pangani westward across the region which 
the courses of streains, and that it is only when the | still remains a great blank on our maps to the caravan 
eastern side of the Kassai is reached that continuous | route between Unyanyembe and Victoria Nyanza. He 

ical forest is met with. reached the southern shores of the Victoria in January, 
"fon ofthe Congo the French have been active both | 1886, but found it ease to obtain leave to pass 
in completing the pioneer exploration of their new | through the territory of the fanatical king of Uganda. 
a and in laying down with scientific precision | Turning backward, he made a valiant attempt to reach 
arge tracts of country imperfectly known. The most| the Upper Nile by the eastern side of the great lake, but 
important work of the latter kind is that of Capt. | his supplies failed him by the time he arrived at Lake 
a a ty Ss yon foe _ joint — oo -_ 4 —- with a rey tra oS 
mission for laying down the boundary between the | the coast. e did not long survive the fatigues of this 
Congo State and the French possessions. This accom-|arduous journey, but died soon after his return to 
plished surveyor fixed numerous positions by a long| Europe, in November last. 
seri>?; of observations both for longitude and latitude, In the continent of Asia the most important addition 
and his report, which will be accompanied by an atlas| to our accurate geographical knowledge of the interior 
of thirty-eight maps on various scales, will form asolid}is no doubt that gained by the joint Russian and Bri- 
contribution to our geographical knowledge of the tish commission, which has been engaged on the sur- 


radiant kind, would give a more powerful light than 
burners and ordinary Fresnel lenses, arranged as bi- 
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= pene 
vey of the northern frontier of Afghanistan trom a, 
borders of Persia to the Upper Oxus, but pendias the 
diplomatic settlement of disputed points this inf the 
tion has not been made public, though it wij eum 
less ae available. . bt 

A brief note of a portion of this work, descrihj 
veys made by Capts. Maitland and Talbot, bet ng Sar 
Hari-rud and Bamian, connecting Herat with the last 
named place, and also with points north of the Ox 
and the neighborhood of Kunduz, has appeared in o, 
proceedings. The total area surveyed amounts to prt 
120,000 square miles, mapped on the seale of one-quartes 
inch to the mile, in sixty sheets. These brilliant 
sults are believed to be unique in the annals of pads, - 
ing. The chief of the British topographical staff “sf 
whom these surveys were undertaken, was Colong 
Holditch, to whom one of the gold medals has how 
been awarded, in recognition of the valuable servieos 
to geography rendered by him in this and other similar 
ex nee ees ss , 

uch valuable geographical work has also 

complished by Mr. Ser Elias, the gold medenn'e 
1873, who was dispatched from Ladakh on a mission to 
Chinese Turkistan, and diverging westward at Yengi- 
Hissar, traversed the Pamir Plateau for a distance of 
360 miles, tothe Khanat of Shignan. The details of 
this journey have not yet been made known b 
Indi ‘ ie : s y the 

ndian authorities, but Sir Henry Rawlinson has com. 
municated to our proceedings a note in which he points 
out that his former suggestion that this route, firs 
brought to notice by Major Trotter, was probably that 
by which caravans of Rome passed from Bactria, and 
had been used as a military road in com paratively 
modern times, is confirmed by the additional light now 
thrown on the subject, and he identifies the lake Rang. 

“ul, visited and described by Mr. Elias, as the famous 
Dragon Lake of Buddhist cosmogony, and as answering 
very closely to the description given by the Chinese 
traveler Hwang-tsang in the seventh century. 

Mr. A. D. Carey, a gentleman in the Indian Ciyij 
Service, has in a most enterprising manner devoted 
period of leave of absence to a very remarkable journey 
in Eastern Turkistan and ‘Tibet, and has traversed a 
large part of those central regions which have lately 
been made known by General Prejevalsky, and of 
which a brief resumé was given in the last presidential 
address. Accompanied by Mr. Dalgleish, an enterpris- 
ing trader, who had previously visited Eastern Turkis- 
tan, he started from Ladakh in the summer of 188}, 
taking a route which had never before been trodden by 
a European, from Leh eastward across the high Tibetan 
plateau, and descending to Kiria by an extremely diffi- 
eult and rugged defile cia Polu. After a short stay 
here, he traversed the desert northward, along the 
course of the Khotan River, and arriving at the Tarim, 
crossed that river to Shah-yar and Kuchar. 

At the end of the year he tracked the Tarim to Lake 
Lob, and proceeded thence in a southward direction 
to the foot of the great escarpment which in this me 
ridian forms the northern limit of the Tibetan high- 
lands, where he wintered, and made a fresh start across 
the Altyn Tagh in the spring of 1886. No news having 
been received of him for many months, his friends had 
begun to fear for his safety, but all anxiety has been 
set at rest by recent telegrams from India announcing 
his safe arrival at Ladakh at the end of the winter. 
Considering that Mr. Carey traveled without escort 
and unarmed, and that his journey has been performed 
on slender means through vast unknown tracts peopled 
by tribes supposed to be of hostile and fanatical tem- 
per, his exploit is one of the most remarkable in the re- 
cent annals of adventurous travel. 

Northward of Khatmandu, the capital of Nepal, 
about 400 miles of entirely new traverse in Nepal and 
Tibet has been contributed by a native explorer, sur- 
named M—H., besides a confirmation of the details of 
a hundred miles of ground previously traveled over. 
It is regretted that the explorer brought back no de 
terminations of heights, which would have been most 
interesting, for he crossed the main ridge of the Hima- 
layas by one of the highest passes (the Pangu-la), and 
approached within fifteen miles of Mount Everest. An- 
other native surveyor, R—N., who aceompanied Col- 
onel Tanner in his explorations on the Tibetan bor- 
der in the autumn of 1884, was dispatched across Bhu- 
tan and the mountains to the east to reach Gyala Sin- 
dong, the lowest point yet reached on the Sanpo, and, 
starting from the left bank of the river, to find bis way 
back to India by any practicable route, without re 
crossing the river. 

The object was to set at rest the vexed question of 
the connection between the Brahmaputra and the 
Sanpo on the one hand and the Irawadi on the other. 
The explorer met with bad luck at the outset, from the 
fact of there being hostility between Tibet and Bhu 
tan, a state of things which had closed all the passes 
into Tibet. He therefore had to find his way back to 
India down the Hachhu and Wongchu Rivers to Baxa, 
having been detained and kept under surveillance for 
ten days by the jongpon of Chnkhajong. His next at 
tempt was made from Dewangiri, whence he proceed 
by a pretty direct route to the Monlakachung Pass 
and thence to the vicinity of Seh, a very large mona® 
tery on the Lhobra River, the position of which had 
been previously obtained from the north by Lama U- 
G.’s traverse of 1883. , 

Here, in consequence of the rumors regarding the 
advance of the Tibet Mission from the south, and of 8 
pd of Russians from the north, the officials absolute 
y stopped his further progress, and kept him in custo 
dy for nine days, and then conveyed his party un 
escort to Seh. From here he escaped with his party bY 
night, and keeping away from the beaten tracks, 
found his way to Menchuna (lat. 28° N., long. 9 E), 
and thence, via Tawang, to Odalguri, along the route 
formerly traversed by Pundit Nain Singh. His wo 
furnishes about 280 miles of new route survey, 
throws light on the general geography of Bhutan, be- 
sides forming a connection with the work of Pember 
ton (1888) from the south and of the Pundit and the 
Lama from the north. 

Another journey carried out by three English gentle 
men through the heart of Manchuria, from south @ 
north from the shores of the Yellow Sea. and from west 
to east to the Russian’ settlement of Vladivostock o 


the Pacific coast, also calls for notice. The party cone 
sisted of Mr. H. E. M. James, of the Indian Civil Se 
vice; Mr. F. E. Younghusband, of the King’s Dragoo® 
Guards; and Mr. H. Fulford, of the Chinese Consales 
Service. We have received at present brief accoul 
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only of this meritorious achievement, but they are 
sufficient to show that the travelers made excellent 
use of their opportunities of gaining accurate informa- 
tion regarding the country, its itants and pro- 


ts. 
4 ~ of their objects was to ascend the Pei-shan or 
White Mountain, the highest mountain in the country, 
which they accomplished, and fixed its altitude by 
boiling point and aneroid at 7,525 feet, the estimates 

sltooalg given in books making it 10,000 or 12,000 
eet. A very good map of their route was plotted and 
acopy obligingly conununicated to the society. Mr. 
James has just arrived in England, and we may hope 
to have an early ry ay need of hearing from his own 
lips an account of his journey. 

The recent addition of Upper Burmah to the terri- 
tories administered by the Viceroy of India makes it 
certain that before long the various questions that 
have till now puzzled geographers in relation to the 
course of the rivers that rise in Tibet and flow from 
that country will be finally cleared up, and a staff of 
surveyors under Capt. Hobday is already at work in 
this country. The sources of the Brahmaputra have 
already been clearly designated, but doubts still sur- 
round the origins of the lrawadi, which actual surveys 
will, it is to be hoped, before long dispel. 

The expectations entertain of the opening of 
the still unknown interior of New Guinea, from the 
southern or British portion of the island, by the expe- 
dition of Mr. H. O. Woden. have, unfortunately, not 
been fulfilled. Mr. Forbes spent the rainy season in 
the early part of 1886 in camp, at a short distance in- 
land from Port Moresby, profiting by the enforced in- 
activity in cultivating friendly relations with the 
tribes, learning the languages, and making botanical 
collections. 

The remainder of his resources during these months 
was exhausted, and when at the commencement of the 
fine season, in April, he made a bold attempt, with the 

reat advantage of the companionship of the Rev. J. 
Chalmers, to reach the summit of the Owen Stanley 
Range, the term of service of his Ainboynese escort had 
expired, and he could do no more than make a few ob- 
servations in the rugged country at the foot of the 
mountains, seventy-five miles distant from the coast. 
Since then, he has not been enabled to renew his ex- 
plorations. We learn, however, that the government 
of Victoria has taken the matter in hand, and that a 
well-equipped expedition is in preparation for the ex- 
—— of the interior, the leadership of which is to 

offered to Mr. Chalmers, whose account of his varied 
explorations along the southeastern coast region, given 
at one of our evening meetings during this session, will 
be fresh in your memories. 

The great influence which this experienced missionary 
ioneer has obtained over the natives, and his know- 
edge of their habits, inspire us with great hopes in the 
success of this enterprise, which so much depends on 
the willingness and fidelity of native followers. Seve- 
ral minor excursions have since been made by various 
travelers, but very little has been added to our know- 
ledge of the southern portion of the island. Capt. 
Everill’s larger expedition, fitted out in New South 
Wales, succeeded in ascending the Fly River and pene- 
trating for some distance up an eastern arm or tribu- 
tary named the Strickland, which is said to flow in the 
rear of the range of coast hills, but the map of the parts 
explored has not yet reached us. 

In German New Guinea the discovery of the import- 
ant river named after the Empress Augusta was con- 
firmed by Capt. Dallmann, who, in April, 1886, ascended 
it in a small steamer fora distance of forty miles, and it 
has since been further navigated by Admiral Von 
Schleinitz and Dr. Schrader in the steamer Otilie, 
which reached a distance of 224 miles from the mouth, 
the ship’s steam launch ascending 112 miles further, 
finding still sufficient water, but being obliged to re- 
turn for want of fuel. 

The progress made in the great continent of America, 
which still offers wide fields for the explorer, and still 
wider and more productive fields for the physical geo- 
grapher, remains now to be briefly noticed. Asa con- 
tribution to physical geography, Mr. John Ball's re- 
cently published volume on his voyage round South 
America, and various short journeys inland at various 
points, merits special mention. It is a model of what 
serious books of travel that aim at conveying accurate 
knowledge of the countries visited ought to be. 

In Central America, our colleague, Mr. A. P. Maud- 
slay, continues jhis explorations of the sites and his 
studies of ruined cities, having returned to Yucatan 
and Guatemala after reading to us in June last the re- 
sults of his second and third visits to Central America. 
His work has great geographical and ethnological as 
well as antiquarian interest, and his excavations at 
Copan show that the ruins are those of a city, and not 
simply of a group of sacred edifices, and that the course 
of the Copan River has changed somewhat since the 
remote time at which the massive walls of the buildings 
had been erected. He believes that he has good ground 
for concluding that Copan and other cities were aban- 
et before the Spanish discovery of America in 


Lastly, there remains to notice an admirable labor of 

exploration in the interior of Brazil by a private scien- 
tific expedition consisting of Dr. Karl Von Den Steinen, 
Herr W. Von Den Steinen, and Dr. Otto Claus. These 
gentlemen set themselves the task of exploring the 
course of the Xingu, one of the great southern tributa- 
ries of the Amazons. The work was accomplished in 
1884, but the first detailed accounts of it were published 
only in May and June last year. 
The party proceeded in the first place overland to 
Cuyaba, in the far interior, and, organizing there their 
caravan, proceeded to the sources of the great river, 
and descending along the banks of the principal stream, 
through wild Indian territory, to the point where it 
becomes navigable, built bark canoes, and paddled 
down the river a distance of about 1,000 miles to its 
junction with the Amazons. Throughout the journey, 
in addition to the geographical survey, physical, biolo- 
gical, and anthropological observations were made with 
the usual thoroughness of German travelers. 

It will not be out of place at the present time, when 
our countrymen are celebrating in all parts of the 
globe the fiftieth year of the reign of her majesty Queen 
Victoria, to look back on the progress that has been 
made in geographical knowledge since the commence- 
ment of that reign, which dates seven years after the 
foundation of our society. The time at my disposal 








will only admit of an extremely brief review, and I 
would refer you for more ample details to the valuable 
memoir drawn up by our esteemed secretary, Mr. Clem- 
ents Markham, and published by the society a few 
years back, under the title of ‘Fifty Years’ Work of 
the Royal Geographical Society.” A comparison of the 
maps of fifty years ago with those of the present day 
shows how at have been the additions made to our 
knowledge during this period. 

Foremost, in this respect, must be placed the maps 
of Africa, the interior of which has been transformed 
from an almost complete blank, containing little more 
than hypothetical ——— features derived from 
reports of native traders, some of which have been 
handed down to us from the time of Ptolemy, to trust- 
worthy representations, based on precise data, of a 
vast system of rivers, lakes, and mountains, the exist- 
ence of which had been wholly unknown to the civil- 
ized world. This continent bas at length been trav- 
ersed and retraversed in all directions, and what re- 
mains unknown consists of details needed to fill in well 
ascertained large outlines, rather than essential features 
still to be discovered. 

Closely following the progress of geographical re- 
search, some of the latest fruits of which it has been 
my agreeable duty to recognize to-day, when presenting 
one of the gold medals of the society to Mr. Grenfell, 
the advance of commercial enterprise is already carry- 
ing the pioneers of civilization, recruited from all the 
principal states of Europe, into the heart of what may 
without exaggeration be called a newly found quarter 
of the globe. 

The additions to our knowledge of the pa insular 
continent of Australia have been hardly less remarka- 
ble, and the difficulties that have been overcome, and 
the enterprise and endurance displayed in the investi- 
gation of its geography, have never been surpassed in 
the history of the earth’s exploration. Here, too, hand 
in hand with the advance of geographical knowledge, 
the domain of civilization has been extended, and the 
Australian colonies have started into existence fully 
armed as it were from their birth for the battle of na- 
tional life. Our fellow subjects in those distant coun- 
tries have already displayed their complete fitness to 
undertake the task of further geographical investiga- 
tion in that quarter, and to them we may now confi- 
dently leave it, assuring them of the continued sympa- 
thy and interest with which their labors will be regard- 
ed by this society. 

During the period to which I am referring, much 





our endeavors to interpret the earth's history, and to 
understand the phenowena it nts to us. 

It has been in connection with the extension of geo- 
graphical discovery, both that to which I have thus 
more sqenen referred and other similar explorations 
to whic fic reference has not been possible, that 
there has been accumulated a great mass of knowledge 
which bas had a most important place ainong the causes. 
which justify our assigning to this epoch its conspi- 
euous ter of deserving to be recorded in the his- 
tory of the present time, as the age of scientific progress. 
There is no room to doubt that it was only by aid of 
the accumulation of a knowledge of numerous forms 
of life from various countries, developed under different 
conditions, that the remarkable generalizations of 
Darwin and Wallace as to the origin and distribution 
of species became possible ; and that in this sense those 
great ee of the signification of the wonderful 
variety in the forms of animal and vegetable life, and 
of the remarkable manner in which they are found 
associated in various of the earth, which it has 
truly been said are worthy of being classed with the 
sublime discoveries of Newton, may be regarded as con- 
sequences of hical, exploration and discovery. 
In a somewhat similar manner the progress of geology 
follows that of geography, and the same may be said of 
almost all the natural sciences. 

In some branches of science the student is able to 
submit bis conclusions to the test of experiment, to 
vary the conditions of his investigation at his pleasure, 
and to draw his inferences from the varying results 
under the changed conditions. Inthe great laboratory 
of nature no such control of conditions is within our 
power. But by suitable variation of our geographical 
position we are able to observe the effects that the 
physical forces of nature have produced under varied 
conditions, and it thus becomes possible to some extent 
to obtain a substitute for the power of direct experi- 
ment. 

Properly to estimate the relation between geographi- 
eal conditions and any observed effect, it is obviously 
necessary to ss a sound knowledge of the physical 
forces that may be called into operation in producing 
that effect, and consequently such a knowledge is of 
essential importance to every geographer. 

I shall not detain you to say anything more on the 
much-diseussed subject of geographical education. I 
desire to point out, however, that for such reasons as I 


| have briefly indicated, it is hardly possible to over- 


estimate the value of exact and scientific geographical 


also has been done to add to our knowledge of the | research, and that this can only be attained by those 


formerly little understood geography of Central Asia. | who have been pro 


rly prepared by previous training. 


The Russian geographers on the north, and our own| Such a training, it is hoped, may be provided by the 


surveyors on the south, have now almost entirely 
cleared away the darkness that shrouded this part o 
the earth’s surface. The limits and the nature of the 
central plain lying between the mountains of Siberia 
and of Tibet have been at length satisfactorily ascer- 
tained. The long diseussed problem of the true source 
of the Brahmaputra has been finally solved. The re- 
markable plateau of Tibet has been crossed in many di- 
rections, and important parts of it have been accurately 
surveyed, so that here also what remains to be done 
is rather to complete the delineation of details than to 
enter upon altogether new investigations. 

The large geodetic and topographical operations in 
connection with the international demarkation of the 
northern boundary of Afghanistan will supply all that 
seems still required to complete the maps of Western 
Asia between the Indus and the Caspian. 

Turning to the American continent, we find a meas- 
ure of progress which, to say the least of it, quite equals 
that obtained elsewhere. he exploration of the vast 
tract lying between the valley of the Mississippi and 
the Pacific has been carried out by the United States 
Government with a degree of completeness, both in re- 
spect to its topographical representation and its physi- 
eal characteristics, that has probably never been ap- 
proached elsewhere, and the whole country has thus 
been thrown open to the enterprise of the energetic 
citizens of the United States, who have not been slow 
to possess themselves of its natural wealth. 

In British North America, under less favorable con- 
ditions for the prosecution of such systematic surveys 
as those carried out in the territories of the United 
States, much has still been done, and the recent opening 
of the railway connecting Columbia on the Pacifie with 
the eastern Canadian states, and the establishment of 
another through route to Eastern Asia, will doubtless 
before long lead to the thorough exploration of the 
countries through which the railway passes. 

The Aretie voyages which had been originally com- 
menced with the hope of finding a practically useful 
northwest passage to Asia have long ceased to be ani- 
mated by such an expectation, and their repetition has 
been undertaken in the cause of geographical explora- 
tion alone. 

The results of the numerous expeditions undertaken 
during the last fifty years combined with those obtained 
by land journeys directed from British North America 
have very completely defined the southern border of 
the Polar Sea between Behring Strait and Greenland, 
and have seeured the precise delineation of the some- 
what complicated system of channels by which the 
northern border of the American continent is inter- 
sected, and of the islands formed by them, along the 
Arctic cirele. In like manner the boundary of this sea 
has been determined by voyages directed to the north- 
east along the northern border of Asia. 

The highest latitude reached hitherto is rather less 
than 834¢° N.—that is, within 500 miles of the pole. 
The further extension of the exploration of the north 
of Greenland and of Franz-Josef Land may still be 
possible, and it is by journeys in this direction that 
any closer approach to the north pole will probably 
be most readily attainable. 

I should not omit mention of the memorable voyage 
to the Antarctic circle under the most experienced of 
the Aretic naval commanders of his time, the results of 
which were of the greatest scientifie value, though the 
difficulties arising from climate that stand in the way 
of a near approach to the south bg prevented the 
a ey reaching a higher latitude than 78° 11' 8. 

stly, I may notice the remarkable additions that 
have been made during this epoch to our knowledge of 
the ocean, its depths, its temperature, the winds and 
climates that prevail over its various portions, its cur- 
rents, and the life with which it abounds. Much of 
the knowledge thus acquired has ere completely 
new and wholly unexpected data with which to deal in 








instruction which it has n the earnest desire of the 


f society to see imparted at our chief universities, and 


which I trust may not only add to the number of our 

scientific travelers, but serve generally to throw on 

many other branches of study that light which an in- 

bn negg knowledge of geography alone can supply.— 
ature. 


THE AUTUMNAL CHANGES IN MAPLE 
LEAVES. 
W. K. MARTIN and 8. B. THOMAs. 


THE results we would record in this paper were ob- 
tained from investigations conducted in the botanical 
laboratory of Wabash College. The work was done 
during the time of the autumnal changes, so that 
abundant and fresh material was constantly at hand. 
The object was chiefly to note the changes in the cell 
contents as the death of the leaf approached, and to 
localize, so far as possible, the changes in color. 

The structure of the normal green maple leaf is 
shown in Fig. 1, consisting of the ordinary epidermal 











layer above and below, a single cell in depth, a single 
layer of rather elongated palisade cells, and usually 
about three layers of epongy parenchyma, more closely 
packed than usual. he chlorophyl bodies are small 
and thickly and evenly distributed throughout the 
mesophy! cells. 

The first indication of the approach of autumnal 
changes is the withdrawal of the contents of the 
mesophyl cells. This on gradually, but the cells 
are seldom emptied. he amount of protoplasmic cell 
contents lost to a plant by the fall of its leaves must be 








very considerable. The whole mass of the chlorophy! 
bodies in any cell is much reduced by this process of 
withdrawal (see Figs. 2and 3) At the same time the 
protoplasm of the cell seems to dispose of much of 
its substance in the manufacture of cellulose, chiefly in 
the palisade cells, in which it is deposited u the 
cell walls in successive layers, either uniformly or in 
restricted patches, or is used occasionally in building 
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a transverse partition across a palisade cell (Fig. 4). 
In every case tlie lines of stratification are beautifully 
marked, That this deposit is cellulose was determined 
by the ordinary tests for that substance. During these 
changes the chlorophy! bodies are seen both to disin- 
tegrate and to blend together in larger masses. In 
the case of the read leaf, these larger masses often 
become invested by a pellicle which appears to be 
cellulose. 

In the leaf which has become brown (Pig. 2) a great- 
er amount of cell contents remain than in the red, the 
chlorophyll bodies do not mass together so much, and 
the cell sap is a dirty brown. 

In the red leaf (Fig. 8) the cell contents are even 
more reduced, some cells being almost empty. The 








remaining contents are mostly collected in masses of 
considerable size and often surrounded by the pellicle | 
referred to, and the cell sapis colored by the charac- | 
teristic red coloring matter, erythrophyl. 

In the yellow leaf the cell contents are much like | 
those of the red leaf, but the cell sap is colorless 
and the chlorophyl masses are stained yellow by xan- 
thophyl. 

What has been said of red and yellow and brown | 
leaves is applicable as well to groups of vells in the case 
of mottled caves. 

The existence of erythrophyl and xanthophyl in 
these positions, the former in the cell sap, the latter in | 
the solid cell contents, is of course well known in a) 
general way. But we wish to add an additional fact 
or two in the explanation of these phenomena. 
Chlorophyl, manufactured constantly under the influ 
ence of light, is as constantly undergoing decomposi- 
tion by the metabo-ism of the cell. Under ordinary 
conditions the manufacture of chlorophy! is sufficient 
to cover up its decomposition and the leaf retains its 
green color. Under certain changed conditions, how- 
ever, such as intense light or diminished vitality, the 
decomposition of chlorophyl exceeds its manufacture, 
and xanthophyll (probably one of the products of its 
decom position*) appears. In other words, xanthophy] 
is being formed all the time, but only becomes appa- 
rent when the manufacture of chlorophyl is checked. 
The condition of intense sunlight gives us the occasional 





summer yellowness, while to lowered vitality must be 
attributed the failure of chlorophyll manufacture in 
the autumn. This lower vitality is brought about by 
diminution of light, lowering of temperature, and pro- 
bably causes in the plant itself. The common notion 
that frost is the cause of autumnal coloration is true | 
only so far as it is one of the causes which tends to} 
diminish the vitality of the plant and so the manufac- 
ture of chlorophyl. Autumnal coloration may take | 
place before any frost. Xanthophyl then stains the | 
chlorophyll masses yellow, which were before stained | 
green by chlorophyl. 

The red coloration is brought about in a very differ- | 
ent way, as chlorophy! is manufactured in the leaf and | 
stains the cell sap, leaving the chlorophyl masses un- | 
touched. This red coloring matter cannot be dis-| 
covered in any of the crude materials brought into 
the plant, or in any other part than the leaves, except 
sometimes in the phloem regions of the petioles. 
When the leaf falls and the cell — evaporates, and 
the chlorophyl bodies die, the erythrophyl lays hold | 


of the cell wal! and solid contents and stains them. In 
this way dried leaves retain their red color. As ery- 





throphyl is soluble in water, however, contact with 
moisture will soon cause the most of it to disappear. 
In the case of many cells containing erythrophyl we 
found the chlorophyl masses retaining their green 
color. In fact, the green was so slow in disappear- 
ing that it was only in the most advanced stages that 
it had given place to the yellow of xanthophyl. In 
some cases where chlorophyl masses were in contact 
with external cell walls they had become yellow, while 
in the same cell those masses completely surrounded 
with erythrophy! remained green. he explanation of 
this seems to lie in the fact that in the red rays the | 
decomposition of chlorophy! goes on less actively than 
in the rays of low refrangibility.+ The erythrophyl 
thus acts as a check upon the decomposition of chloro- 





* Vines’ Physiology of Plants, p. 241. 
+ Vines’ Physiology of Plants, p. 266. 
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phyl, and so on the appearance of xanthophyl. It 
thus seems that all the leaves would become yellow 
but for the preserice of erythrophyl. The brown colora- 
tion seems to be a modification of the red, the erythro- 
phy! color of the cell sap being replaced by a dirty 
brown. Whetlier this is a resultant from the action of 


erythrophy! upon certain cell contents, or an entirely 
different coloring mattér, was not ascertained. 


RELATIONS OF MERCURY TO OTHER 
METALS. 


By A. C. Cousins. 


Srnck my first paper on mercury, I have noticed 
other relations between that metal, gold, and thallium, 
which are interesting, and if not accidental, may possi- 
bly lead to the discovery of an important law. 

The atomie weights and specific gravities are those 
previously given, and are the most recent determina- 
tions I have been able to obtain : 

Atomic 
Volume. 


10°181 
17°167 
14°708 


Atomic 
Weight, 
196°2 
203°6 
200°0 


Sp. Gr. 
19 263 

Thallium....... 11°86 
Mercury, liquid 13°598 
8 solid........ 14°39 


It will be seen that not only is the atomic weight of 
mercury the mean of that of gold and thallium, but its 
specific gravity in the liquid state is very nearly the 
mean of their atomic volumes; and its own atomic 
volume is almost exactly the theoretical specific gravity 
of an alloy formed of equal weights of gold and thal- 
lium, the caleulated specifie gravity being 14°68, which 
is only 0°29 in excess of the specific gravity of solid mer- 
eury.— Oil, Paint, and Drug Reporter. 


TWO NEW ALLOYS OF ALUMINUM. 


M. BourBovuzE has formed an alloy of 45 parts of tin 
and 55 of aluminum, which answers for soldering alu- 
minum. This alloy possesses almost the same light- 
ness as the pure aluminum and can be easily soldered. 
M. Bourbouze has invented another alloy containing 
only ten per cent. of tin. This second alloy, which can 
replace aluminum in all its applications,can be soldered 
to tin, while it preserves all the principal qualities of 
the pure metal.— Revue Scientifique. 
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DETECTION OF ALCOHOLIC ADULTERATION. 


ONE method of detecting the presence of aleoh 
with which ethers and essential oils are adulterated, in 
Germany, is the following. : A glass graduated tube jg 
filled to a certain point with the ethereal oil, and to it 
is added a certain quantity of concentrated anhydrous 
glycerine. The tube is corked and the mixture jg 
violently agitated, and then is left some hours in re- 

Glyceriue, like pete water, dissolves alcohol 
ut not ethers. Thus the increase in volume of the 
glycerine, if any occurs, is due to the alcohol which jt 
will have taken up, and this volume will be propor. 
tional to the quantity used in adulteratiug the ether. 
For essential oils; in place of glycerine distilled water 
equal quantities is employed, whose increase of volume, 
after agitation in the graduated tube, will indicate 
the presence of alcohol.— Revue Scientifique. 


OIL is usually employed for polishing delicate instru- 
ments, which tends to soil those using them. Oil may 
be advantageously replaced by a mixture of three parts 
of glycerine and one of alcohol for large surfaces, 
When small ones are to be treated, pure glycerine can 
be usd.—Revue Scientifique. 
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